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DID YOU MISS THESE ISSUES? 


Copies of issue 1 

are now sold out, but 

a reprint of the projects 
from issue 1 is available 
and contains: 


Universal Timer. A comprehensive programmable controller 
for up to 4 mains appliances. There is storage for up to 18 program 
times, ons or offs and relay outputs. Complete construction 
details. 


Combo Amplifier. Superb 120W MOSFET power amp.with 
low-noise BI-FET pre-amp having built-in flanger, inputs for 
guitars, keyboards or microphones, and five step equaliser. 
Complete construction details. 


Temperature Gauge. Coloured LED indication of 10°C to 100°C. 
Complete construction details. 


Pass The Bomb! Low-cost easy to build electronic version of 
pass-the-parcel — keeps the kids amused for hours! 


Plus six easy to build projects on Veroboard: Car Battery Monitor 
— Colour Snap Game — CMOS Logic Probe — Peak Level 
Indicator — Games Timer — Multi-Colour Pendant. 


Alt this for just 70p. Order As XA01B (Maplin Project Book 
Volume 1 No. 1). Price 70p NV 


Copies of issue 3 are now 
sold out, but a reprint of 

the projects from issue 3 
is available and contains: 


ZX81 Keyboard. A full size, full 

travel 43-key keyboard with the 

electronics to make graphic 

symbols, function mode and shift 

lock, single key selections. The 

two-colour legend for the keys 

is the same as the ZX81 keyboard. 

The keyboard plugs directly into 

the sockets in the ZX81 and a 

special adaptor is supplied to 

run the keyboard from the ZX81 

power supply, so there’s no 

soldering in the ZX81 at all. This full-size keyboard gives you 
fast, reliable entry — use it once and you won't be able to do 
without it again! 


Stereo 25W MOSFET Amp. Supplied as a complete kit including 
wooden cabinet and printed and punched chassis, this superb 
25W rms per channel amplifier has inputs for magnetic pick-up, 
tape deck, tuner and auxilliary. The kit is extremely easy to 
build, all but 5 components mounting directly on the pcb. 
There are only 7 interconnecting wires in alland when completed, 
no setting-up is required. With its superb frequency response, 
low noise, low distortion and the grandeur of MOSFET sound, the 
amplifier is second-to-none at the price. 


Radar Doppler Intruder Detector. Home Office type-approved 
microwave unit gives Coverage adjustable from about 2m to 20m. 
May be used on its own, or with our Home Security System, 


Model Train Controller Remote Control Facilities. Full details 
of infra-red, radio or wired remote control units for our Digital 
Multi-Train Controller. 


All this for just 70p. Order As XAO3D (Maplin Project Book 
Volume 1 No. 3). Price 70p NV 
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Copes of issue 2 are now 
sold out, but a reprint of the 
projects from issue 2 is 
available and contains: 


Digital Multi-Train Controller. Our 
superb digital train controller can 
contro! up to 14 locomotives 
individually on the same track. 

Any four loco’s an be controlled 
simultaneously. The unit has 
automatic short-circuit protection © 
and because it uses digital control 

a DC supply is present all the time 
for carriage light etc. 

The locomotive modules will fit in most modern 00-scale engines. 
Complete construction details. 


Home Security System. Full construction details of our new 
home security system offering a high degree of protection for 
domestic or commercial premises coupled with excellent long- 
term reliability. The unit's features are: six independent 
channels, 2-wire or 4-wire operation, detects open or short 
circuit or just resistance change, tamper-proof main cabinet 
and external cabinet. The external cabinet has its own protection 
as well. There are presettable entry and exit delay timers. With 
the extra peripherals being added each issue, this is a really 
veratile system. 


Digital M.P.G. Meter. An easy to build device that will help you 
to make your motoring more economical. The unit has a large 
easy to read LED display. Complete construction details. 


All this for just 70p. Order As XAO2C (Maplin Project Book 
Volume 1 No. 2). Price 70p NV 


Copies of issue 4 

are now sold out, but 
a reprint of the projects » 
from issue 4 is available 
and contains: 


Telephone Exchange. A complete telephone exchange with up 
to 32 extensions on 2-wire lines. Ideal for the home, office, or 
small factory. Save £E££'s on rental charges. Full construction 

details for up to 16 lines in this book. 


Remote Control for Amplifier. Adjust volume, balance, and 
tone whilst you sit back and relax with our infra-red remote 
control. Designed for use with our 25W MOSFET Amp, but can 
be fitted to most amplifiers. ‘ 


Frequency Counter. This superb, easy-to-use, low-cost, 8-digit 
frequency counter with superior specification covers the 10Hz 
to 6000MHz band. Incorporates full push-button control, 
electronic switching, and one input for the whole range. 


Ultrasonic Intruder Detector. This easy-to-build ultrasonic 
receiver covers up to 400 square feet; though more than one 


can be used for larger areas. The unit automatically adjusts itself } 


to transmit at the frequency where the transducers give their 
maximum output. Up to three of these units may be connected 
to our home security system. 


All this for just 70p. Order As XAO4E (Maplin Project Book 
Volume 1 No. 4). Price 70p NV 
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Introduction 


The Mapmix is a versatile six input 
mixer, in the stereo mode it has three 
inputs connected to the left channel and 
three inputs connected to the right chan- 
nel. For mono use all six inputs are 
connected to both output jacks via the 
mode select switch. Both left and right 
channels have separate post-mix send/ 
receive facilities, for connecting external 
effects units. Tonal balance can be mod- 
ified with Bass and Treble controls. The 
twin VU meter gives an indication of final 
output levels although it is unaffected by 
the master volume control, which is con- 
nected to the output. All input and output 
connections are made with standard % 
inch mono jack sockets, while send and 
receive connections utilise ¥% inch stereo 
jack sockets. The unit is powered by a 9V 
battery — so current consumption has 
been kept at a very low level, to prolong 
battery life. However, external DC power 
supplies can be connected using the 
2.1mm power socket. 


* Switched Mono/Stereo Modes 
* Bass and Treble Equalisation 


* Six Microphone or Instrument Inputs 








- Grevit Description 

Low power IC's are used to keep 
power requirements to a minimum — 
approximately 1.75mA quiescent current 
at 9V. ICla and b are configured as 
virtual earth mixers with inverted outputs 
and can be referred to as ‘adders’. For 
the left channel, input signals are applied 
to IClb via SK1 to 3 with signal attenua- 
tion, or volume control, being performed 
by RV1 to 3. Resistors Rl to 3 and R7 have 
the same value, a signal applied to SK1 
only, will appear at C7 +V in inverted 
form, but at the same amplitude as the 
input. Thus the mixer exhibits a unity gain 
characteristic under this condition. If 
signals are now applied to all three 
inputs, the total current flowing in R7 will 
be equal to the sum of the input current’s 
and the output voltage at C7 will be equal 
to the sum of the input voltages. For 
instance, a 100mV signal applied to all 
three inputs, with RV1 to 3 set to max- 
imum, will produce the sum product of 
300mV at C7; the signals being effectively 





‘added’ together. 

Blocking capacitors Cl to 3 isolate 
IClb from possible DC level changes 
present at the input jacks; the input 
impedance of each channel is set by the 
volume control resistance at 100k ohms. 
Rll carries the mixer output to the send 
terminal, this being the ‘tip’ connection of 
a stereo jack plug. Without a plug in- 
serted into SK4, the switched connections 
direct the signal path to S1 and IC2a, 
another inter-stage unity gain mixer, 
which re-inverts the input signal and 
provides a low impedance drive to the 
tone control stages which follow. S1 is 
shown operated, which is the mono 
mode, thus IC2b receives the same input 
signal as IC2a. 

When an external device is inserted 
into SK4, both ‘tip’ and ‘ring’ are discon- 
nected by the internal switching and 
receive inputs are connected to IC2a via 
level preset RV10. Effects units such as 
echo, phase, reverb or perhaps another 
mixer can be inserted here and mixed 
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Figure 3 Meter Wiring 


into the rest of the system. ICla and IC2b 
function in exactly the same way as 
previously described for the left channel. 
Switching $1 out of circuit establishes the 
stereo mode, where left and right chan- 
nels become independent of each other. 

IC3c and d form the active section of 
the treble control RV8, which is a dual 
potentiometer. Both channels, although 
electrically independent, can be set for 
flat response by keeping the wipers 
central. A boost of up to 10dB at 10kHz 
can be applied by turning the wiper of 
RV8 clockwise and a cut of 10dB by 
turning anti-clockwise. Similarly IC3b 
and IC3a form the active section of bass 
control ‘°V7, another dual potentiometer. 
This control gives up to 10dB boost or cut 
at 40Hz when rotated clockwise or anti- 
clockwise respectively. Separate active 
filters are used to keep interaction to a 
minimum, for improved performance and 
to lessen the effects of distortion — which 
can be noticeable in multi-feedback type 
systems. R37 (38) is located in the output 
stage to prevent IC3b from drawing 
excessive supply current if the output 
connecting cable is shorted out, whilst 
RV9 (master volume control) is set at 
maximum. This raises the output impe- 
dance slightly, to about 1k ohm, or 10k 
ohm at low output volume settings — this 
is, however, adequate for most audio 
amplifier input stages. 

Emitter follower TR1 (TR2) charges 
capacitor C27 (C28) to produce a mean 
DC average from the outgoing AC signal, 
this capacitor also dampens the meter 


Figure 4 Power Plug & Socket 


response — otherwise it would be un- 
Yreadable, with the needle bouncing 
around on its mountings! Switched poten- 
tial dividing stages have not been in- 
corporated with the meter, so low level 
input signals applied to the mixer will not 
be registered on the scale. Zero on the 
scale corresponds to approximately 0dB 
(+or— 1dB) or 775mV at 1kHz applied to 
one input, maximum volume, mono mode 
and tone controls set flat. The maximum 
scale reading corresponds to an output 
level of 1.6V RMS (4V peak to peak), 
which is some 2dB down on the absolute 
signal handling capability of the mixer. 
Because the input levels can be con- 
tinuously variable it is possible that sig- 
nals of a few millivolts to a few dozen 
volts can be connected to the system. The 
maximum signal that any one channel can 
handle is 500mV — with the volume set to 
maximum and sufficient margin allowed 
for bass and treble boost. Of course 
higher input signal levels simply require 
the volume control to be turned down. 


Prototype Specifications:— 
Power Requirement: 1.75mA with 9V batiery 


(eg PP3). Or fully regui- 
ated external PSU — 
max 13.8V DC. 
Frequency Response:25Hz — 30kHz +1dB 
Bass Control: +10dB at 40He 
Trebie Control: +10dB at 10kHz 
Meter Response: 50Hz +1dB 
LHC/RHC Tracking: +1dB 
Signal To Noise: Setter than 65dB 
Distortion: <0,08% at IkHz ~ flat 
Input Impedance: 100k ohm each channel 


Output impedance: 1k ohm at imax. setting 
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PCB Assembly 


Refer to the parts list for component 
values and Figure 2 (legend/overlay) for 
designations. Begin construction by in- 
serting each of the 25 links, using 24SWG 
B.T.C. Next insert the 40 resistors into 
their respective positions, the PCB hole 
spacing is set at 13mm and each resistor 
lead must be bent to fit and then pushed 
firmly onto the board. Mount both 47k 
presets, RV1O0 & RV11, and diode D1 
making sure of correct polarisation. Now 
fit IC’s 1 to 3, these must be fitted 
correctly — pin 1 is usually marked witha 
small hole or indentation, occasionally a 
‘D' shaped concave slot is cut into one 
end of the body; if the IC is held with this 
slot facing to the left, with the pins facing 
down, then pin 1 is the first on the bottom 
Tow. 

Solder the part assembled board at 
this stage and remove all excess wire 
ends. Next the capacitors can be fitted. 
Cl to C6 are polyester types and mount 
in-line across the centre of the board. C7 
to 10 and C13, 14,27,28 are polarised types 
with long +V leads and short —V leads, 
ensure they are mounted correctly to the 
PCB legend. C23 to 26 are PCB mounting 
electrolytics, which are of course pola- 
rised, only the —V lead is identified so 
care must be taken to fit these compo- 
nents correctly. Now fit TR] & TR2 and 
power socket (SK11) along with the five 
Vero pins which are inserted from the 
track side of the PCB, finally solder these 
components. The ten PC mounting jack 
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sockets can now be inserted and sol- 
dered in position, noting that SK4 and SK8 
are stereo jacks with six terminals. Fit 
both latch switches with the sprung ends 
protruding over the PCB edge and solder 
in place. Now fit the single potentio- 
meters RV] to RV6 with the spindles 
protruding over the same edge of the 
PCB and solder in place; finally do 
likewise with the three dual potentio- 
meters RV7 to RV9. 

Closely inspect all solder joints, for 
excess solder, shorts, dry joints etc, and 
clean the PCB track with a suitable 
solvent. Re-check all components, values 
etc and when satisified connect the PP3 
type battery clip with the red (+ V) to pin 
1 and the black (—V) to pin 2. 

If the dual VU meter is being used 
then it must be wired to the PCB pins 3,4 
& 5 (see Figure 3) using hook-up wire. 
Both —V terminals on the meter move- 


RESISTORS:- Al 0.4W 1% Metal Filre. 


R1-8,22,23,27,28, 
30,31,38,36 100k 
R918 68k 
R10,20,38,40 10k 
R11,12 Ik 
R13-18 4T 


R21,24,25,26 18k 
R29,32,33,54 1Sk 


R37,38 270n 

RV1-6 47% Log Pot 

RV7,8 100k Lin Pot Duat 

RV9 10k Log Pot Dual 
RV10,11 47k Hor Sub-Min Preset 
CAPACITORS 

Cl 220nF Polyester 
CT-10,13,14,27,28 4u7F Tantahum 

C1118 22pF Ceramic 

C15-18 4n7F Polycarbonate 
C19-22 47nF Mylar 

C23,24 104F 16V Minielect 
C25,28 100uF 10V PC Electrolytic 
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Left & Right Channels 
SendlO/P| = Tip [Effects 1/P} 
Receivell/P) = RinglEffects 0/PI 
Common: Sleevel-¥ Gnd! 








Figure 5 Stereo Jack Connections 


ments should be joined together and 
connected to —V supply pin 5, as shown. 


Using the Mixer 


Details of connection to an exter- 
nal power supply are shown in Figure 4. 


The inner terminal of SK11 is connected 
to ~V and the outer spring contact to + V. 
Do not exceed 13.5V as some component 
working voltages may be exceeded, note 
that when a plug is inserted into SK11 the 
battery is disconnected. 

The connections to the send and 
receive jacks are shown in Figure 5, send 
outputs (tip) carry the signal from the 
mixer to external equipment and receive 
inputs (ring) carry processed signals 
from the equipment to the mixer. The 
sleeve terminal is for screen connection 
or earth return. 

It should be bome in mind when 
using the mixer that amplification is low, 
the unit does not act as a pre-amplifier. 
Thus when mixing microphone, musical 
instrument or line output levels, as re- 
commended, an amplifier with integral 
pre-amp or a power amp and suitable 
pre-amp should be used. 


SEMICONDUCTORS 
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2 (FF10L) Order As LK49D (Mapmix Kit) Price £29.95 





MAPLIN’S TOP TWENTY BOOKS 


1. (5) Remote Control Projects, by Owen 
Bishop (XW39N) cat. P45. 

2. (3) Power Supply Projects, by 
R.A. Penfold (XW52G) cat. P41. 

3. (20) How to Design & Make Your Own 
PCB's, by R.A. Penfold (WK63T) 
cat. P40. 

4. (1) Adventures with Micro-Electronics, 
by Tom Duncan (XW63T) cat. P35. 

5. (4) De Re Atari (WG56L) cat. P62. 

6. (12) A Z80 Workshop Manual, by 
E.A. Parr (WA54J) cat. P57. 

7. (8) Understanding Telephone Electro- 
nics, by Geo. Fike and Geo. Friend 
(WK45Y) cat. P42. 

8. (—) Electronic Security Devices, by 
R.A. Penfold (RL43W) cat. P43. 

9. (14) How to Build Your Own Solid State 
Oscilloscope, by F.G. Rayer cat. P45. 

18. (15) IC 555 Projects, by E.A. Parr 
(LY04E) cat. P42. 

1]. (2) International Transistor Equivalents 
Guide, by Adrian Michaels 
(WG30H) cat. P36. 
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12. (—) Practical Repair and Renovation of 
Colour TV's, by Chas. E. Miller 
(RH27E) cat. P50. j 

13. (19) Radio Control for Beginners, by 
F.G. Rayer (XW66H) cat. P45. 

14. (13) How to Use Op-Amps, by E.A. Parr 
(WA29G) cat. P38. 

15. (1) The Commodore 64 Programmers 
Reference Manual (WK62S) cat. P65. 


16. (—) Radio & Electronics Colour Codes 
and Data Chart (RHOS5F) cat. P34. 

17. (—) Chart of Radio Electronic Semi- 
Conductor & Logic Symbols 
(RH21X) cat. P34. 

18. (10) Atari Master Memory Map 
(XHS7M) cat. P62. 

19. (~) How to Build Advanced Shortwave 
Receivers, by R.A. Penfold 
(RB26D) cat. P47. 

20. (—) Electronic Synthesiser Projects, by 
MLK. Berry (XWE68Y) cat. P51. 


These are our top twenty best selling 
books based on mail order and shop sales 
during January, February and March 1984. Our 
own publications and magazines are not in- 
cluded. We stock nearly 700 different books, 
covering a wide range of electronics and 
computing; the full selection is shown on pages 
33 to 70 of the 1984 catalogue, plus the new 
books section of ‘Electronics’ Volume 3 No. 10 
and the new books in this issue. 
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MEASUREMENTS IN 


ELECTRONICS 


by Graham Dixey C.Eng., M.I.E.R.E. 


Introduction 


The cathode-ray oscilloscope (or 
simply CRO) is justifiably considered the 
most versatile electronic instrument, both 
for servicing and circuit development. 
The range of measurements possible 
with it are very extensive and many 
books have been written on its use. My 
purpose in just 3000 words, is to illustrate 
the versatility of the CRO by describing 
its use in a variety of tasks. Perhaps other 
ideas will follow from this. 


CRO Controls 


The CRO has more front panel 
controls than most instruments and it is 
this plethora of knobs and scales that 
causes most problems. Many inexperien- 
ced users manage to get some form of 
display eventually but not always the 
optimium. A common fault is a display 
that ‘slips’ sideways due to lack of ‘sync’. 
For convenience the CRO controls can be 
divided into groups:- 


(1) Y1 Amplifier controls 

(2) Y2 Amplifier controls 

(3) X Timebase/amplifier controls 
(4) Triggering facilities 

(8) Miscellaneous controls 


As far as (1) and (2) are concemed, 
since the signal amplitude can vary 
between a few millivolts and many volts, 
provision must be made either to amplify 
or attenuate the signal to a level that gives 
a display of sensible size. The Y amplifier 
gain control is usually stepped and is 
calibrated in mV/cm or V/cm with a 
range from, say, 2mV/cm to 10V/cm ina 
typical case. The relevance of the ‘/cm’ is 
that the graticule (Figure 1) is squared off 
in cm and sub-divisions along the major 
axes. A Y gain expressed as 0.5V/cm, for 
example, means that every cm of screen 
height corresponds to a deflection of 
0.5V. This allows for measurement of 
voltage by translating the linear dimen- 
sion of the waveform (cm) to its electrical 


Volts/em 





Figure 1. Graticule of CRO and typical Y 
gain control. 
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equivalent (volts); more of this later. 
Another control associated with the Y 
amplifier is ‘Y shift’, which allows the 
displayed waveform to be positioned 
vertically where required. For example, 
in a single-beam CRO, vertical adjust- 
ment of the display allows the peaks of a 
waveform to be lined up with the X axis, 
perhaps to measure the linear distance 
between the peaks. In a double beam 
CRO a pair of waveforms (e.g. input and 
output of a circuit) can be aligned one 
above the other, allowing a direct 
comparison to be made. Shift controls 
can sometimes confuse the novice becau- 
se they may take the display well off- 
screen, especially when combined with 
too high a value of Y gain. 

Deflection of the beam in the 
horizontal or X direction is accomplished 
by a linear sawtooth of voltage from a 
time base generator applied to the X 
plates of the CRT. Figure 2 shows an 
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Figure 2. The sawtooth wave applied to 
the X plates. 


exaggerated form of this sawtooth becau- 
se, in practice, the flyback time i.e. the 
time taken for the beam to return to the 
left-hand side of the screen, is negligible 
compared with the sweep time. Without 
any Y input the display is just a horizontal 
line, which can be moved left or right by 
the X shift control. The effect of the X gain 
control is to cause this trace to expand or 
contract in length. This is just another 
way of saying that the time of one sweep 
is being controlled. X gain may be contin- 
uously variable but is often just a choice 
of, say x 1 or x 5. Control of timebase 
speed is by two controls, one stepped 
and one continuous, which are course 
and fine controls respectively. The 
stepped control is calibrated in time/cm 
e.g. lms/cm, 20us/cm, etc. The contin- 
uous control usually has the mystic letters 
CAL at one end. It should always be set to 
this position when making measurements 
of time. Some users try to hold a steady 
trace with this control, which is quite 
wrong. It does not usually work very well 
and ignores the use of the triggering 
facilities which are there for that very 
purpose. 
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Peak-peak voltage = 2:8 x 50 
= 140mV 
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Figure 3. Measurement of alternating 
voltage. 

Concerning the triggering facilities, 
these vary somewhat between different 
makes of CRO but there are some 
general principles to note. First, it is 
possible that only one channel of a 
double-beam CRO has a trigger facility — 
in which case this channel has to be used. 
Alternatively a switch may be provided to 
select triggering on either one amplifier 
or the other. In this case ensure that the 
selector switch is in the correct position. 
All of this may sound obvious but 
experience has shown that these are the 
points that newcomers to the CRO 
overlook. A continuously variable control 
usually marked ‘trigger level’ should then 
be slowly rotated until, suddenly, the 
display snaps into perfect sync. On very 
fast waveforms it may be necessary to 
use a further facility to ‘freeze’ the 
display. This may be the ‘HF’ (high 
frequency) position of a three position 
switch marked HF/NORM/TV, for instan- 
ce, or a PULL/BRIGHTLINE/OFF switch, 
which is useful for catching fast pulses, 
etc. What it comes down to in the end is 
learning one’s way around the trigger 
controls of one’s own CRO in order to get 
the best out of it. In addition to the 
‘internal’ trigger facilities, there is usually 
a provision for triggering from some 
extemal signal source instead. 

Miscellaneous controls and facilities 
depend a great deal on the model of CRO 
in question but will always include ‘focus’ 
and ‘brightness’. These two controls are 
the subject of much abuse. The general 
feeling seems to be ‘the brighter the 
better’, which is definitely not what is 
wanted. The brighter the display the 
worse the focus — usually. Check this by 
reducing the brightness until the trace is 
just visible; then re-focus and note that 
not only does the trace become pin-sharp 
but it now appears brighter too. 

Remember that the CRO is not just 
for presenting ‘pictures’ of waveforms, it 
is for making measurements too. This it 
cannot do if the trace is thick and fuzzy. 
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Figure 4. Measurement of d.c. potential. 





There may also be a CAL waveform 
and a sawtooth output. The former might 
be a 1V peak—peak square wave which 
can be injected into the Y amplifiers to 
check and adjust their gains. The 
sawtooth can be used to sweep the 
frequency of a wobbulator when adjust- 
ing F.M. discriminators, etc. 

CRO's of recent manufacture seem to 
be adopting new facilities not found on 
instruments a few years ago. There was a 
time when a double-beam CRO was just a 
double-beam CRO — two independent 
amplified traces with perhaps an X — Y 
position on the timebase range switch, to 
turn the timebase off and use Y1 as an X 
amplifier (of which more later). Now one 
may find a five position switch selecting 
the following functions. 


X-Y The mode as just defined 

CH1 Displays channel | signal only 

DUAL Displays both signals together 

CH2 Displays channel 2 signal only 

ADD Displays the sum of the channel 1 
and channel 2 signals 


This long but necessary preamble 
describes the facilities that one might 
reasonably expect to find on a moderate- 
ly priced CRO, e.g. one costing a few 
hundred pounds. There are, of course, 
instruments of incredible sophistication 
and corresponding cost but it would be 
out of place to deal with them here. 
Instead we shall now look at ways in 
which the CRO can be made to earn its 
keep. 


Measuring Voltage 
and Current 


The CRO is not a substitute for a 
multimeter. Rather, it has unique advant- 
ages that a multimeter doesn’t have. It can 
display the actual waveform; it has a very 
high input impedance; it has a very wide 
bandwidth; it has high gain, so can 
examine very small signals and it can 
measure AC or DC or both together. 

The general principle of voltage 
measurement is:— 

Signal amplitude (V) = Display height 
(cm) x Y gain (V/cm). 

The display height referred to may 
be the peak-peak signal amplitude, its 
peak value or any other vertical dimens- 
ion of the wave you like. The shift 
controls are used to position the wave- 
form on the graticule in order to measure 
the height on the graduated scale — just 
like using a metric rule. Figure 3 shows 
an example of peak-peak measurement 
on a sinewave. The display height is 
found to be 2.8cm and the Y gain setting 
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is 50mV/cm. 
Thus, peak-peak amplitude = 2.8 x 50 
= 140mV 
If required this can be converted to the 
corresponding r.m.s. value by dividing 
by 2¥V 2, so that:— 
R.M.S. Value = 140/2V 2, 
49.5mV 


Obviously this is not as convenient as 
reading the value directly from a meter 
scale but it is more than compensated for 
by the other facilities obtained. 

Figure 4 shows the measurement of a 
DC potential e.g. at the collector of a 
transistor. In this case the position of 0V 
must be set first of all. The input leads of 
the CRO are shorted together, the 
appropriate Y amplifier gain selected 
and the input selector switch set to the 
DC position. This will normally be at the 
bottom of the graticule for positive 
supplies. The input leads are now 
connected between OV and the test point 
whereupon the trace will be deflected 
upwards by so many cm. In Figure 4 this 
deflection is 4.2cm which, with a Y gain 
setting of 2V/cm, gives a DC value of:— 

4.2 x 2= 8.4V 
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Figure 5. Measuring d.c. levels and 
signals together. 


A useful extension of these two 
measurements is to make them both 
together. For example, at the collector of 
a transistor amplifier an alternating 
waveform may exist on a DC level. Thus, 
if the DC input position is used and the 0V 
line established, the display will show 
both the deflection due to the DC 
potential, and the signal waveform. This 
is only really satisfactory when the signal 
is not too small compared with the DC 
value; otherwise the Y gain is invariably 
too great for the DC level (display goes 
off-screen) or too small for the AC signal 
(it appears too small to observe accurate- 
ly). It is most useful in pulse circuits 
where DC levels may be important and 
the pulses are of significant value. Figure 
5 shows an example of such a measure- 
ment. A 3.6 volt pulse ‘sits on’ a 0.8V DC 
level. 

On the subject of examining square- 
waves or pulses, if the display looks like 
that in Figure 6, check whether the input 
selector switch is in the AC or DC 
position — it should be at DC. This 
distortion of the wave shape, known as 
‘differentiation’ may, of course, be pres- 











Figure 6. Square-wave distorted by 
differentiation. 
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Figure 7. Observing a current waveform. 


ent in the input waveform. However it can 
alternatively be caused by the input 
coupling capacitor of the CRO, which is 
in circuit at the AC position. 

It is possible to observe and measu- 
re alternating current with a CRO, even 
though the instrument is voltage operat- 
ed. The trick is a simple one and consists 
of putting a low value resistor in series 
with the current (small enough not to 
affect the value of the current significant- 
ly). The CRO is then connected across 
this resistor and displays the current 
waveform. Its value can, of course, be 
found using Ohm's law. One particular 
case where this technique can be useful 
is when the current flow is in a non-linear 
device eg. an iron-cored coil. An 
example that springs to mind is the TV 
scan coil. Since deflection in electro- 
magnetic tubes is by a linear sawtooth of 
current, looking at the waveform of 
voltage across the coil is no good as this 
is decidedly non-linear. However by 
wiring a small value resistor in series with 
the coil, as shown in Figure 7, the true 
current waveform can be observed since 
the resistor is a linear device. 


Measuring Frequency, 
Time & Phase Angle 


These measurements are made along 
the X axis, as one would expect, and use 
essentially the same principle as amplitu- 
de measurement. In other words, horiz- 
ontal distance is measured in cm and 
converted to time using the stepped time 





Periodic Time = 6-4x 1 
= 6-4ms 








Figure 8. Measuring periodic time of 
a waveform. 
base control calibration. As mentioned 
earlier the timebase fine control must be 
in the CAL position or the measurement 
will be invalid. Figure 8 shows an 
example where the periodic time of a 
sinewave is being measured. The distan- 
ce between two successive positive 
peaks is found by using the shift controls 
to position these peaks on the calibrated 
X axis of the graticule. This distance is 
then found to be 6.4 cm. The timebase 
setting is seen to be 1 ms/cm so that the 
periodic time is:— 
t= 64x1=64ms. 

To ensure a good degree of accura- 

cy in any measurement of time, always 
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Figure 9. Lissajous method of measuring frequency. 


select a timebase speed that allows the 
interval to be measured to occupy as 
much of the screen width as possible. 

Once the periodic time t of any 
waveform has been found, frequency is 
obtained by taking the reciprocal of t. 

i.e. frequency f = % Hz 

When frequency is measured in this 
way the accuracy is limited by the 
inherent accuracy of the CRO and by 
human errors in estimating the required 
distance. A more accurate method that 
can be used is a good old-fashioned 
standby known as the ‘Lissajous method’. 
It requires the use of an accuratley 
calibrated signal generator as a compar- 
ison standard. The timebase is switched 
off and the calibrated signal source is 
applied to the X amplifier instead. The 
unknown frequency is applied to the Y 
amplifier. The X and Y gain controls are 
adjusted to give a reasonable size of 
display. The method depends upon 
recognising a pattern that relates the two 
frequencies. The calibrated source has 
its frequency adjusted to achieve this. 
The easiest pattern to recognise is the 1:1 
pattern i.e. equal frequencies but; Figure 
9 shows some other readily indentified 
relations. The accuracy of the measure- 
ment is quite independent of the CRO 
and human error (almost) and relies on 
signal generator calibration, which 
should be good. 

Measurement of phase angle is 
essentially concemed with measuring the 
linear displacement in the X direction 
between two waveforms and converting 
this to an angle. However, this assumes 
the use of a double-beam CRO, which is 
not necessarily the case. It is worth 
looking, therefore, at the Lissajous meth- 
ord first. 

The two voltages, whose relative 
phase angle is required are connected to 
the CRO’s X and Y inputs (timebase 
turned off), In this case, since the 
frequencies are obviously equal, the 
display is quite stationary. It will almost 
certainly be an ellipse but can be a 
diagonal straight line or a circle. The 
proportions of the ellipse give the phase 
angle according to the formula:— 

® = SIN! % 
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Figure 10 illustrates this method and 
as an example suppose that:— 
a = 3cm and b = 6cm. 
Then ® = SIN! % 
= SIN7! 0.5 or 30°. 

Using a double-beam CRO the two 
voltages to be compared are displayed, 
one on each channel. By using X 
expansion (if availble) it is possible to 
make the length of one cycle equal a 
convenient distance in cm, say x cm.The 
conversion from distance to angle is 
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Figure 10. Measurement of phase angle 
by Lissajous figure. 
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Figure 11. Measurement of phase angle 
by double-beam method. 


obtained by remembering that one cycle 
contains 360° and since this is x cm long, 
each cm in the X direction is equivalent to 
360/x°. Thus, by measuring the horizon- 
tal displacement between the two voltag- 
es (e.g. between positive peaks) and 
calling this, say, W cm, the phase angle is 
found as follows. 

Phase angle @ = 360/x x W degrees. 
For example if x = 4cm and W = 1.2cm, 
then © = 360/4 x 1.2 

= 108° 
This method is illustrated in Figure 11. 

This issue’s ‘project’ is not so much a 
constructional exercise as a demonstrat- 
ion of some interesting as well as useful 
patterns. They are based on the use of a 
circular timebase, which is shown in 
Figure 12. 

The first pattern is called a ‘modulat- 
ed ring pattern’ and looks like a gear- 
wheel if you get: 

(a) the relative amplitudes of fy and fx 
right. 
(b) fx = n.fy where ‘n’ is a whole number, 

say 10. 

The number of ‘teeth’ then equals fy/fy. 

The second pattern, the ‘broken ring 
pattern’ needs a CRO with a Z-modulation 
input (usually on the back of the CRO). 
What you will get is a ring with gaps in it; 
the number of gaps = f,/fy. 

In both cases fy should lie in the 
range 100—200Hz for the timebase com - 
ponents given in Figure 12. 

I will leave you to experiment with 
these. In the next issue we will move on to 
the testing of digital circuits. 








(a) Adjust for best circle 
(also X & Ygains) 





(b) 








Figure 12. The Circular Timebase: (a) Modulated Ring Pattern (b) Broken Ring Pattern 
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* Simple Calibration 
* LED Peak Indicators 


* Full Hi—Fi Specification 
* Very Low Distortion Levels 
* Stereo or Four Channel Operation 


Based on an original design, by Dr. David Ellis 






* 30dB improvement in Signal-to-Noise Ratio 


Introduction 

This improved design for the Maplir/ 
E&MM Noise Reduction Unit utilises 
fewer components and is easier to 
construct, yet still offers the same high 
specification. Calibration has been sim- 
plified, no test gear is required, although 
a distortion analyser will enable the 
lowest distortion levels to be achieved. 
(0.06% typical). 

The compander PCB's are fully 
compatible with the original Noise Re- 
duction Unit. The Mark II Unit is designed 
for stereo (2 channel) operation but 
power supply outputs via a DIN socket 
enable two units to be connected 
together, thus giving 4 channel operation. 
If required furthur units could be utilised 
to give more channels. 


N/R Principles 


Noise reduction systems reduce the 
irritating noise of tape hiss and so on by 
an encode/decode process. Quiet sounds 
especially those at the top end ot the 


spectrum, are easily swamped by tape 
hiss, so an encoder is used to artificially 
boost these signals before they are 
recorded. During playback the reverse 
process decodes the recorded sound 
back to its original state and rids the 
music of tape generated noise. Until 
recently, noise reduction systems have 
fallen into three distinct types: Dolby B 
(domestic), Dolby A (professional) and 
DBX (professional). However there is now 
a confusing proliferation of other systems 
offering various degrees of noise supres- 
sion, including: Toshiba’s Adres system, 
Telefunken’s Highcom & Telcom, Sanyo’s 
Super D, Dolby’s C & HX systems and 
Tandberg’s Dyneq. If there’s any sense in 
this race to the pinnacle of perfect music 
reproduction, the hopefully there will be 
some common standards agreed upon! 
Table 1 gives the signal-to-noise ratios 
obtainable from various recording 
mediums with and without different types 
of noise reduction. 

The various systems available at 
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present basically work on the principle of 
complementary compression of the on- 
tape signal and expansion of the off-tape 
system. Compression involves reducing 
the dynamic range of the material that is 
being recorded, thus— with a 2:1 com- 
pression ratio, if the input to the 
compressor increases by 12dB, then the 
output of the compressor (on-tape signal) 
will increase by only 6dB. Conversely, 
expansion involves increasing the dyna- 
mic range, so that an increase of 6dB in 
the off-tape level will result in a 12dB 
increase in the output from the expander, 
thereby restoring the original dynamic 
range of the music. At the same time the 
noise introduced in the recording chain, 
particularly tape hiss, is rendered inaudi- 
ble on expansion since this unwanted 
signal was not subject to the initial 
compression treatment and is therefore 
expanded downwards below the lowest 
dynamics of the music signal. This 
process is illustrated in Figure 1. 
Another feature of the compression/ 
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Recording medium Noise reduction S/N ratio Comments ' im 
Cassette - Dolby B 57dB ‘“_Liie sl 4 a 
(Sony TCK55 tl) + Dolby B 67dB Above 4 KHz ! a \ 
+ Dolby C 75dB = Above 1 KHz : ne 5008 
+ HighCom 75dB = Above 1 KHz -20! 1-20 
Four-track tape No noise reduction 55dB a \ ! 
(Teac 3440) MarkIZ unit 85dB ~—s- Above 30 Hz bas be 
Noise generated by ; 
Two-track tape No noise reduction 70dB tape and electronics 
(Studer) + Dolby A 80dB Above 20 Hz 
! 
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Table 1. Comparison of Noise Reduction Systems 
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Figure I. Operation of a Compression/Expansion System 
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Figure 2. Circuit Diagram of Compressor/Expander 


expansion process is that it allows the 
recording of signals with a dynamic 
range approaching the limits of audibility, 
Le.100 to 120dB. ; 

Circuit 

The circuit diagram for the com- 
pressor and expander (compander) is 
shown in Figure 2. The power supply 
circuit is given in Figure 3. 

The compressor input is routed via 
Sla, either directly to the output in the 
‘out’ position, or to Cl in the ‘in’ position. 
IC] and associated components form a 
second-order high pass filter with a 
12dB/octave roll-off below 30Hz, This 
removes sub-audible signals (infra- 
sonics) that might be generated from 
June 1984 Maplin Magazine 


record warps or sub-octave tracking 
VCO's. The reason for this filtering is that 
once audio frequencies descend towards 
DC, the response of tape recorders drops 
off dramatically, and on playback a signal 
compressed in response to high level low 
frequency signals will be expanded, 
resulting in phantom modulation by the 
missing low frequency component lost 
during recording. The output of the filter 
is AC coupled to a simple RC network 
(C4, R4) which forms a high frequency 
pre-emphasis circuit, providing a 12dB 
treble boost. Without this pre-emphasis 
and corresponding de-emphasis in the 
expander, a low level signal may be 
swamped by high level bass frequencies, 
typically resulting in a heavy breathing or 


pumping effect as the expander attempts 
to adjust the gain accordingly. 

The signal is then applied to the 
NE570 (IC2a) configured as a compressor 
using an internal variable gain cell and 
full-wave rectifier, as well as an external 
output op-amp (IC3a). The variable gain 
cell is similar to a standard operational 
transconductance amplifier (OTA), ex- 
cept that, unlike OTA’s, it is ‘linearised’ 
and therefore insensitive to temperature 
changes as well as offering low noise and 
low distortion performance. The signal at 
the output of IC3a is rectified and the 
resultant control voltage used to adjust 
the variable gain cell. By placing the gain 
cell in a feedback loop with the op-amp, 
the variable current generated in propor- 
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Figure 3. Circuit Diagram of Power Supply 
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Figure 4. Compander PCB 


signal which is compared with reference 
voltages derived from the potential 
divider network, R21, R22, and R23. The 
fast attack/slow decay operation of the 
comparators is determined by C13 and 
R19. IC5a and b respond to signal levels 
of, respectively, —3dBm and 0dBm. 

The expander configures the other 
12 


half of the NE570, IC2b; with a different 
arrangement of the various blocks. Once 
the off-tape signal has been routed via 
Sle to Cl4, the signal is applied to 
comparators, IC5c & d, to provide an 
indication of off-tape levels, and simul- 
taneously to the full-wave rectifier and 
variable gain cell. The rectifier produces 


a control voltage that is used to adjust the 
gain cell, with a response time deter- 
mined by C51. An RC network (R30, C20) 
is connected in parallel with the op-amp, 
IC3b, to provide a treble cut a 12dB, 
therefore de-emphasising the pre- 
emphasised signal emerging from the 
compressor via the tape recorder. When 
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tion to the input signal is used to adjust 
the overall gain of the op-amp. A 6dB 
increase in output level produces a 6dB 
increase in the gain of the variable gain 
cell, since this is effectively an expander 
inserted in the feedback loop, this results 
ina 12dB increase in feedback current to 
the input of the op-amp. Consequently, an 
increase in input level of 12 GB results in 
only a 6dB increase at the output of the 
op-amp, thereby yielding the desired 2:1 
dynamic range compression. 

The current from the full-wave 
rectifier is averaged by an external filter 
capacitor (C50) with the result that the 
gain control is made proportional to the 
average value of the input signal. The 
speed with which this gain adjustment is 
made determines the transient response 
of the compressor and is a product of the 
value of the filter capacitor and an 
internal 10k resistor. The value of 2.2uF 
for C50 yields good transient response at 
average signal levels. 


Op-Amp Slew Rates 


The RCR network (R8, C8, R9) 
around the op-amp, IC3a, provides DC 
feedback to bias the output at DC. C7 is 
an external compensation capacitor to 
provide stable operation over the audio 
bandwith. It may seem curious to use an 
extemal op-amp when the circuit dia- 
grams indicate that the NE570 has its 
own. This is because the op-amps in this 
IC are equivalent to 741 types— with slew 
rate, noise, bandwidth, and output drive 
capability that are not really adequate for 
demanding audio applications. With 
weak signals, the compressor circuit 
operates at high gain and the NE570 
op-amp runs out of loop gain. Furth- 
urmore, a slew rate of 600mV per 
micro-second means that high frequen- 
cies will suffer. By using a J-FET op-amp, 
such as the LF351 with a slew rate of 13V 
per micro-second, these problems are 
eliminated. Additionally, the output swing 
can be larger since IC3a is powered by a 
dual supply rather than from the single- 
rail supply required by the NE570. 

The non-inverting input of the NE570 
op-amp is biased by an internal refer- 
ence voltage of 1.8V. In the case of the 





external op-amp, IC3a, this is accom- 
plished by tying it to pin 8 via an RC 
decoupling network (R7, C5) which filters 
out noise from the NES570 reference 
voltage. Pin 8 also serves another 
important function; providing the means 
for trimming distortion generated by 
IC2a. Even harmonic distortion is pro- 
duced by voltage offsets in the variable 
gain cell, and RV1 enables adjustment of 
the offsets for minimum distortion. 





Comparator Functions 


The function of R10 is to isolate the 
output of IC3a from the potential capaci- 
tive load of a long length of screened 
cable connected to the compressor 
output which could lead to oscillation. $1b 
selects the ‘in’ or ‘out’ mode of operation. 

Comparators IC5a and b provide an 
indication of the signal level at the output 
of the compressor. The inverting inputs 
receive the half-wave rectified output 
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Figure 5. Power Supply PCB 


the input signal increases by 6dB, the 
gain cel] control current is raised by a 
factor of 2, resulting in an increase in gain 
of 6dB. Since the input of the external 
op-amp, IC3b, is derived from the gain 
cell, the output level increases by 12dB, 
thus giving the required 1:2 dynamic 
range expansion. RV2 enables adjust- 
ment of gain cell offsets for minimum 
distortion, as in the compressor. Finally, 
R32 isolates the output of IC3b from 
subsequent screened cable, and Sld 
selects the mode of use. 


Construction 


The unit is designed on a modular 
basis so that each PCB provides simul- 
taneous compression and expansion for 
one channel. Single sided PCB’s are used 


Mark Il Noise Reduction Unit 





IC1:LF351 1C5:3302 \C2:NES7ON 
IC3:LF353 1 14 1 16 
4 7. 


to keep the cost down. In order that 
decoding should be the exact inverse of 
coding, it is important that components 
are well matched. 

PCB designs and component over- 
lays for the main board and PSU are 
given, respectively, in figures 4 and 5. 
Remember to fit the LED’s to the 
compander and PSU boards with the 
leads at full length — so that they may be 
bent at right angles to allow the LED's to 








protrude through the front panel of the 
unit. The threaded phono sockets sug- 
gested for the unit have the advantage of 
small physical size and compatability 
with the connectors normally encoun- 
tered in Teacs, Revoxes and the like. 
These sockets are mounted on the rear 
panel and connections to the signal pins 
are made via short lengths of unscreened 
wire from the relevant points on the 
PCB's. The phono socket earth connec- 
tions are linked together and connected 
to the earth (OV) line on each compander 
PCB -— again using short lengths of 
unscreened wire. 

The PSU is utterly standard, though 
it's important to note that mains earth is 
connected directly only tothe PSU PCB 
and then indirectly via a 1K resistor (R41) 


C6,8,14,19,25,26 10nF 40V Minelect 6 (YY¥38Q) 
CZi7 lQpF Ceramic 2 (WX44X) 
Compander PCB Parts List Ss MEP IE Tontaiom | Leaner 
RESISTORS:- All 0.4W 1% Metal Film C18 100nF Mylar 1 (wwaix) 
Rl 39k 1 (M39K) C50,5 2naF 35V Tantalum 2 (WWé62S) 
R2 82k i (Mi82K) 
R3,4,12,24,30,31 100k 6 (M100K) SEMICONDUCTORS 
RB, 11,25,29 22k. 4 (Ma2K) Ic} LF 38] 1 (WO30H) 
RG,7,26 lk 3 {MIE} Ica NE S70N 1 (QY10L) 
R8,9,27,28 47k 4 (M47K) Ic3 LF 353 1 (WO31J) 
R10,32 560. a (MB6R) Ics 3302 1 (QH48C) 
R15,17,18,20,35, ; D34,7,8 1N4148 4 (QL80B} 
37,38,40 18 8 (M158) D3, 15 0.2in LED Green 2 (WL28F) 
R16,19,36,39 IM 4 (MIND Di4,16 0.2in LED Red 2 (WL27E) 
R21,51 10k 2 (M10X) DSO BEY88C3Vv9 1 (QHO4E) 
R22 3kQ 1 BK) 
R23 510k L (MB16K) MISCELLANEOUS 
R50,52 62k 2 (M628) P.C Board 1 (GA30H) 
RV12 22k Vert S-Min Preset 2 (WRT2P) D.LL. Socket 8 Pin 2 (BLI7T) 
D.LL, Socket 14 Pin I (BLI8U) 
CAPACITORS D.LL. Socket 16 Pin 1 (BL19V) 
C1,2 100nF Polycarbonate 2  CWW410) $1 Latchswitch 4-pole i (FHEBY) 
C3,8,12,13,15,16, Lafchbutton Black 1 (BW18P) 
18,21,23,24,52 uF S0V Minelect 1 (YY31)) SKT1-4 ‘Threaded Phono Socket 4 (XWO6G) 
C4,20 3n3F Polycarbonate 2 (WW25C) NB. Two Compander P.C. Boards are required for the Stereo Unit. 
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Power Supply PCB Parts List 


RESISTORS:- All 0.4W 1% Metal Fil 


R41,42 Ik 
CAPACITORS 
027,28 2200yF 25V Axial Plectrolytic 
C23,30 100nF Minidisc Cerarnic 
C3132 10uF 40V Minelect 
SEMICONDUCTORS 
' 1C6 AATEIOOC 
IC7 pATISUC 
De-12 1N4002 
D17 0.2m. LED Red 
MISCELLANEOUS 
P.C.Board 


$2 DPDT Toggle Sub-Min E : 
3 (1g) FSi 280mA Pee 20mr0 1 (WROI } 
Sainechoider 20 f (RIORE) 
. Tl Transiormer 18V/15V 1 (uYosD) 
(B90) Hook-up Wire am —-(BLAGA) 
a (YR7SS) Mains Cable Black 3Amp an -« CRROJB) 
2 (YYss0) Grommet Strein Relief 1 (UR #0) 
OPTIONAL ITEMS 
J QLA9t) 
1 ars 3 Pin DIN Socket 1 (HH32i) 
4 (OLT4R) 3 Pia DIN Plug 1 (HHBIC) 
1 (WL2TE) RVARVB 10k Hor $-Min Preset a (WRS5gH) 
Cave 1 (XG37S) 
Printed From Plate 1 
1 (GA3IJ) Stick-on-feet lpki  (FW98R) 


A complete kit of parts (excluding optional items) for a stereo Mark II N/R Unit is available. 


to the OV line. This should prevent the 
build up of any hum loop when using the 
noise reduction unit with earthed equip- 
ment. Power line buses are connected 
from the PSU to each compander PCB. 
The power supply and two compan- 
der PCB’s can be mounted in the optional 
case using the bolts and spacers, to form 
a stereo noise reduction unit.The front 
panel can be drilled using the optional, 
self adhesive, face plate as a template. If 
four channel operation is required power 
supply outputs are connected to a 3 pin 
DIN socket, a second N/R Unit consisting 
only of two compander boards can then 
be connected using a 3 pin DIN plug. 


@ 
Setting-up and Use 
The unit requires very little setting- 
up apart from adjustment of RV1 and RV2 
which are simply set to mid-travel, thus 
ensuring a low distortion level of well 


Order As LK38R (Mark II N/R Unit) Price £39.95 


within 0.1% typical. Furthur adjustment 
with a distortion analyser will allow 
minimum levels to be reached (0.06% 
typical). 

If the unit is being used with a mixer 
and a tape recorder with variable line 
output, the mixer output is adjusted so 
that the compressor 0dBm LED's fire at 
peak sound levels. The record level is set 
to match the optimum for the tape being 
used. Playback levels are then adjusted 
so that the expander 0dBm LED's fire at 
approximately the same level as the 
compressor 0dBm LED’s. When the noise 
reduction unit is used with an amplifier or 
tape recorder where the line output 
levels are not adjustable the 0dBm LED's 
should fire at peak sound levels, provid- 
ing the equipment is to Hi-Fi specifica- 
tion. However, this level isn't critical since 
the level-adaptive response time circuits 
take care of possible mistracking, but it 


does ensure really accurate decoding of 
the encoded signal. 

In order to adjust output levels and 
avoid overloading the input to equipment 
not to Hi-Fi standards, it may be 
necessary to insert preset potentiometers 
of 10k (RVa & RVb) in the output of the 
expander and compressor circuits (be- 
tween R10 & Sib and between R32 & Sld) 

A couple of points to note: the unit 
will not reduce the noise present in a 
noisy signal applied to the compressor 
input (this is territory best .served by 
dynamic noise limiters), and any differ- 
ence in the signal between compressor 
output and expander input introduced by 
the recording process will be exagger- 
ated by expansion, including such hor- 
rors as common-or-garden dropouts. 
Therefore to get the best out of the unit 
scmipulous attention should be paid to 


alignment and cleaning of tape heads! 





NEW ITEMS PRICE LIST 


The following is a list of all 
items introduced since our 
1984 catalogue, excluding new 
items in this issue. 


BOOKS 

WKOSF Mastering Visicalc by Doug- 
las Hergert. Price £10.98NV 

WK06G Hart’s Dictionary of BASIC 
by W.A. Hart. Price £7.25NV 

WE07H The Spectrum Pocketbook 
by Trevor Toms. Price £7.95NV 

WK08] The Spectrum Games Com- 
Panion by Bob Maunder. 


Price £5.95NV 
WKOSK Mastering CP/M by Alan 
Miller. Price £13.52NV 


WEKIOL Adventures with Digital 
Electronics by Tom Duncan. 
Price £4.25NV 
WKIIM Assembly Language Prog- 
ramming for the BBC Micro by Ian 
Birnbaum. Price £9.65NV 
WK12N VIC Innovative Computing 
by Clifford Ramshaw. 
Price £7.10NV 
WEI3P Understanding Your Spect- 
rum by Dr Ian Logan. 
Price £7.95NV 
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WE14Q Practical Design of Digital 
Circuits by Ian Kampel. 
Price £12.20NV 
WEKISR Programming the BBC 
Micro by P. Williams. 
Price £7.55NV 
WEIG6S Programming Languages for 
Micros by G. Marshall. 
Price £7.49NV 
WEI7T Programming Microcom- 
puters with Pascal by M. Beer. 
Price £7.70NV 
WK18U Over the Spectrum. 
Price £6.95NV 
WEI9V_ Introducing Spectrum 
Machine Code by Ian Sinclair. 
Price £8.95NV 
WE20W Programming with Graph- 
ics by G. Marshall. Price £6.75NV 


WE21X Machine Intelligent Prog- 
rams for the 16K ZX81 by Charlton, 
Harrison &Jones. Price £5.25NV 


WKE22Y Games ZX Computers Play 
by Tim Hartnell. Price £3.25NV 
WM31J Audio Amplifier Construct- 
ion by Robert Penfold. 
Price £2.25NV 
WM34M An Introduction to Pro- 
gramming the Dragon 32 by R.A. & 
J.W. Penfold. Price £1.95NV 


WM38R The Atari Book of Games 
by James, Gee & Ewbank. 
Price £5.95NV 
WM39N Spectrum Adventures by 
Bridge & Carnell. Price £7.39NV 
WM4A4O0T Master your ZX Microdrive 
by Andrew Pennell. 


Price £8.20NV 
WMA4l1U Commodore 64 Adventures 
by Mike Grace. Price £7.53NV 


WM42V The Commodore 64 Games 
Book by Owen Bishop. 
Price £6.88NV 
WM43W Programming for Educa- 
tion on the BBC Computer by 
Scotiden & Hall. Price £7.49NV 
WM44X Putting Your BBC Micro to 
Work by Chris Callender. 
Price £5.30NV 
WMA46A Advanced Programming 
Techniques for the BBC Micro by 
McGregor & Watt. 


Price £10.20NV 
WMA47B The Oric 1 Companion by 
Bob Maunder. Price £7.66NV 


WMA48sC 40 Educational Games for 
the Spectrum by Vince Apps. 
Price £6.45NV 
WMA49D 21 Games for the Electron 
by James, Gee & Ewbank. 
Price £6.35NV 


WM5OE The Aquarius and How to 
Get Most From It by Ian Sinclair. 
Price £6.20NV 
WMSIF Software 64 (Commodore) 
by Owen Bishop. Price £6.30NV 
WM52G Spectrum Interfacing & 
Projects by Graham Bishop. 
Price £7.63NV 
WM53H DIY Robotics and Sensors 
with the BBC Computer by John 
Billingsley. Price £6.84NV 
WMS4] Advanced Sound and 
Graphics for the Dragon Com- 
puter by Keith and Steven Brain. 
Price £7.20NV 
WM5SSK Writing Strategy Games on 
the Atari Computer by John White. 
Price £6.95NV 
WM56L Advanced Programming 
Techniques on the Commodore 64 
by David Lawrence. 
Price £6.95NV 
WMS7M Graphic Art on the 
Commodore 64 by Boris Allan. 
Price £6.85NV 
WM59P Linear Electronic Circuits 
and Systems by Graham Bishop. 
Price £8.95NV 
WM60Q Mastering Electronics by 
John Watson. Price £4.35NV 


Continued on page 44. 
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This article concludes our look at Car Electrics, although in the next issue we shall be 
discussing a simple and inexpensive method of adjusting dwell angle using a multimeter. 


We would like to thank the Ford Photographic Unit for their assistance. 


by Graham Bishop Part II 
5. The Battery 


A car battery is a real powerhouse 
and should always be maintained in 
prime condition. It is comprised of a 
series of six lead-acid 2 volt cells which, 
together, constitute 12 volts at capacities 
varying from about 30 to 100 ampere- 
hours. A 70 ampere-hour battery delivers 
a constant 70 amps for one hour, or one 
amp for 70 hours, or on a very cold day, 
400 amps for a few seconds to start the 
engine. 

The negative plates are constructed 
from spongy lead plates and the positive 
plates from lead dioxide. Dilute sulphuric 
acid with a specific gravity about 1.2 
starts the chemistry into action, current 
from the battery turning the plates into 
lead sulphate. A battery charger, by way 
of the dynamo or altemator, reverses this 
process by restoring the battery plates to 
their original composition. Figure 5.1. The Battery 
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Figure 5.2. Dynamo and Control Box Figure 5.3. Alternator and Control Circuitry 
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Modem batteries are self-maintain- 
ing and the electrolyte (acid) levels 
remain constant. Older batteries are 
prone to deterioration and last only 3 or 4 
years. The performance of a battery falls 
at low temperatures, giving problems on 
a cold morning and sulphation of the 
terminals which causes leakage currents 
to chassis; this is avoided by smearing 
Vaseline onto the terminals. A more 
common cause of battery trouble, other 
than an old and tired battery itself, is 
damp and dirty wiring, particularly 
around the starter motor which drains 
most of the battery power. 

Battery charging is carried out in one 
of two ways: 

The Dynamo — a dc generator, like a 
motor in reverse, which delivers current 
to the battery as long as the engine is 
running fast. 

The Alternator — an ac generator which, 
although requiring an ac/dc rectifier 
circuit, has greater efficiency and 
charges the battery even when idling. 

Figure 5.2 shows a cut away picture 
of the dynamo and the circuit which 
controls the charging of the battery 
called the cut-out or control box. This unit 
senses the dynamo output voltage and, if 
low, cuts the dynamo out of circulation. 
As the voltage rises the cut-out connects 
the dynamo to charge the battery and if it 
rises beyond a preset value, the regulator 
winding reduces the effective dynamo 
output by adjusting the current in the field 
winding, excessive current going directly 
to the car electrical circuits. 

The alternator is shown in Figure 5.3 
together with its control circuitry and 
rectifier diodes. The three stator wind- 
ings are connected internally to the 
diodes and a dc output is obtained. A 
transistorised control circuit maintains a 
constant battery charging current by 
adjusting the current in the rotor winding. 

Both systems have a built-in ignition 
warning light with one side connected to 
the battery +12V terminal, the other to 
the dynamo or alternator output. If the 
generator is not working, when the 
engine is switched off for instance, or 
when the fan-belt is slipping or broken, 
the 12V bulb has 12 volts across it and it 
lights. Normally the lamp has 12 volts on 
either side and it goes out. 


e 
6. Lighting 

Little needs to be said about the 
normal lighting circuits except to say that 
the headlamp bulbs can consume several 
amperes each and so cable of the correct 
size must be used to prevent heating (or 
melting) of the wiring. Many bulbs, as in 
Figure 6.1, have two filaments for 
compactness. Quartz halogen bulbs, with 
a gas surrounding the tungsten filaments, 
give off greater brightness. 

Since the headlamps between them 
consume several amperes, the headlamp 
(or flasher) switch has to be heavy duty 
and high current wires must be sent to 
the dashboard. Consequently a relay is 
often positioned near the headlamps, as 
in Figure 6.2, this being activated via a 
(preferred) low current switch and 
June 1984 Maplin Magazine 





———— 


Dip filament 


Main beam 
filament 









\§ ——S 





Upeation wo 

cutout Sr, 

fy mounting Contacts 
lange 








Transparent 
quartz envelope 








Figure 6.1. Dual Filament Bulbs 


wiring. Operating the switch activates the 
relay which connects the headlamps 
directly to the battery terminal. 

One final lighting device in common 
use is the spring steel flasher unit (see 
Figure 6.3) which turns the indicator 
lamps on and off. 

While cold, the contacts are held 


-—— 








together by the diaphragm. When 
current passes through the contacts, by 
indicating to turn left or right, the 
resistance metal heats up, expands and 
pushes the contacts apart. They then cool 
again, close and the sequence repeats 60 
to 120 times a minute. Emergency light 
units are similar except that heavy duty 
contacts are used. 








To headiamps 














Figure 6.2. Headlamp Relay 





<S 


Resistance 
metal strip 







clicker 


Current from Current to 
indicator switch 


indicator lamps ‘on’ 





Spring steel 


— diaphragm 


indicator lamps 


Expanding stip 
distorts clicker 
diaphram 







Contacts 
open 


indicator tamps off 








Figure 6.3. Flasher Unit 
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Figure 7.3. Starter Motors 
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Figure 7.4. Mechanical Fuel Pump 


7. Starter Motor and 


Other Accessories 


In a similar way to the headlights 
being operated via a ‘remote control’ 
relay, a starter solenoid is used as in 
Figure 7.1 to switch the 400 amps to the 
starter motor. This wiring is the thickest 
to be seen under the bonnet and every 
step is taken to minimise any heat 
generated despite the costs of the thick 
copper wire. The starter motor engages 
with the engine via the flywheel to start 
the engine, as seen in Figure 7.2. If the 
ignition circuit is working well, a few 
turns of the engine should cause the 
engine to fire and continue under its own 
steam. The starter motor is then disconn- 
ected from the engine. 

Two methods are used, a pre- 
engaged motor whose pinion is always 
linked to the flywheel, a_ solenoid 
operating a plunger to engage the starter 
motor with its pinion (like a small clutch), 
and the inertia type whose pinion slides 
along the shaft to engage with the 
flywheel as soon as the starter motor 
operates.These are shown in Figure 7.3. 
Figures 7.4 to 7.8 illustrate a number of 
other electrical accessories which are 
essential, and some legally required, in 
the modern motor car. 

Petrol pumps operate either via a 
mechanical rocker assembly coupled to 
the engine forming a small mechanical 
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Safebloc 


A completely safe way of connecting 
Mains to test projects, without fitting a 
plug. The wire ends of the cable fit under 
clips which are exposed when the lid is 
lifted. Once the lid is closed live parts are 
covered and power is connected. Further 
details on page 443 of ‘84 Maplin 
Catalogue. 

Normally £7.95. 

Special Offer Price Only £5.95. 

Order As SA03D (Safebloc). 


Professional 
Multimeter 


High quality 50,000 ohms per volt multi- 
meter with a wide selection of ranges, in- 
cluding a 10 Amp AC/DC range. Ideal for 
Electrical and Electronic Engineers. The 
sapphire jewelled meter has fuse and 
diode overload protection, is shockproof, 
and has reversible polarity. 
Overall Size: 145 x 100 x 50mm. 
Weight: 375g. 
Sensitivity: 50,000 Ohms per Volt DC. 
10,000 Ohms per Volt AC. 

Ranges: 

DC Volts: 0.25, 1, 2.5, 10, 50, 250, 1000V 

AC Volts: 2.5, 10, 50, 250, 1000V 

DC Current: 254A, ImA, 25mA, 

500mA, 10A 

AC Current: 10A 

Resistance: 20k, 200k, 2M, 20M Ohms 

Decibels: -—20 to +62dB 

(ref. GB = lmW in 6002) 





PECIAL 
OFFERS 


Four Interesting Items 
For Your Testbench 





Supplied complete with operating 
instructions, probes, 2 x HP7 batteries 
and spare fuse. 

Normally £27.95. 


Special Offer Price Only £22.95. 
Order As SAO4E (Professional Multi- 
meter) 


CMOS Tester/Tutor 


This versatile instrument is ideal for both 
amateur and professional use; when used 
with the fact sheet supplied, the majority 
of currently available CMOS devices can 
be tested. The unit is also an excellent 
tutor for those wishing to study the opera- 
tion of CMOS devices. Further details on 
page 445 of the ’84 Maplin Catalogue. 
Normally £34.95. 

Special Offer Price Only £24.95. 

Order As SAO5F (CMOS Tester). 


Test Gear Projects 


This informative book contains details of 
over 30 test gear projects including 
power supplies, signal injectors, a ref- 
erence oscillator, noise generator, a logic 
probe, multimeter, capacitance bridge, 
transistor tester, oscilloscope calibrator, 
and an oscilloscope dual trace adaptor. 
Full constructional details are given and 
all projects can be made on matrix board. 
Normally £2.19NV. 

Special Offer Price Only £1.00NV. 
Order As SA06G (Book MM396). 
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Figure 7.8. Ammeter Wiring 


pump (Figure 7.4), or an electrical 
diaphragm pump, rather like a vibrator, 
which pumps the petrol from the tank to 
the engine, as in Figure 7.5. The petrol 
gauge operates using a small float 
coupled to a variable resistance unit. As 
the petrol level rises or falls, the current 
to the gauge rises or falls accordingly. 
This unit, similar to a W.C. ball-cock, is 
sealed for fire reasons, see Figure 7.6. 
Horns come in all shapes and sizes, 
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Figure 7.9. Computerised Dashboard 


Figure 7.7 shows a simple type, working 
like a vibrator whose diaphragm output is 
mechanically amplified to blast ped- 
estrians out of the way. 

Ammeters can be fitted in any car: a 
simple means of installation necessitating 
a minor change to the wiring as shown in 
Figure 7.8. By this means the ammeter 
does not record the starter motor current, 
but all other currents taken by the car 
circuitry. 


Finally, a look into the computerised 
dashboard now found in a number of high 
performance cars. Transducers constant- 
ly read rpm, pressures, temperatures and 
so on; these are monitored and the 
computer checks and wams the driver of 
impending trouble (see Figure 7.9). The 
day of the James Bond supercar or the 
Night Rider's ‘Kit’ looms nearer everyday. 
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* Driver Module for Xenon Tube * External Triggering or 
* Complete with Trigger Transformer * Internal 


by Dave Goodman 


Introduction 

The Xenon Tube, along with the 
Trigger Transformer required to operate 
it, are regular subjects of enquiry by 
many of our readers, therefore to put the 
books straight, a tube driver module with 
external triggering and ‘on board’ strobe 
oscillator is offered. The module can be 
used for photography, roadside hazard 
indication, navigation, distress beacons 
or perhaps underwater communications, 
and is ideal for further experimentation. 
Xenon tubes are glass envelopes filled 





with a gas which emits blue/white high 
intensity light when energised. A high 
voltage potential of 210 to 400V must be 
applied across both anodes, Al & A2, 
(see Figure 4g) which will allow the gas to 
‘strike’ when a 3 to 5kV pulse is applied to 
the trigger electrode strip, located along 
one side of the tube. To generate the EHT 
triggering voltage, a pulse transformer is 
used which is similar in action to the well 
known Car ignition coil (see Figure 4f), 
stepping up the primary (B,C) voltage to 
the required secondary (B,A) voltage. 





Strobe Oscillator 


Circuit Description 

To generate the xenon strike voltage 
a simple inverter system is employed. 
Each half of transformer T1 secondary is 
connected to a power transistor (TR3 & 
TR4) and the common centre tap is 
connected to + V supply. By alternately 
switching each transistor on and off, one 
half of T1 is grounded at a time, and 
maximum current flows through each 
winding in turn. By inductive effect a 50V 
peak pulse develops between TR3 and 
TR4 collectors (across Tl secondary) 
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Figure ]. Circuit Diagram 
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Figures 2 & 3. PCB Track Legend and Wiring Diagram 


which is stepped up by the primary 
winding approximately 20 times to pro- 
duce a 1kV peak signal at pins 2 and 3. T] 
is in fact a normal 240 to 12V mains 
transformer connected the reverse way 
round; instead of applying 240VAC for 
stepping down to 12VAC, we apply 
12VAC and step it up to 240VAC, or in 
this case IkKVAC. 
The alternating signal for switching 

TR3 & TR4 comes from a CMOS 
inverter/oscillator IC la,c and f. IClc has a 
variable resistance RV2, and R11 con- 
nected across it, which maintain the input 
voltage level close to the output level on 
pin 6. If IC la output, pin 2, is assumed to 
22 





be low (0V) capacitor C5 will start to 
charge via RV2 and IC le pin 7 input will 
be momentarily pulled low. By inverter 
action IC]c pin 6 will go high (+ V) 
maintaining IC]la pin 2 in the low state. As 
C5 charges, the voltage across it in- 
creases until a point is reached when 
IClc input pin 7 is potentially high 
enough to flip the output pin 6 low, ICla 
pin 2 will then change state from low to 
high. At this stage the voltage across C5 
is reversed and a discharge path via RV2 
& R11 gradually drops the potential at 
IClc input until the switching level is 


reached and the oscillation cycle repeats. 


RV2 determines both charge and dis- 


charge times which can be vanied from 
25uS to 650uS, or between frequencies of 
40kHz and 1.5kHz. 

IC1f buffers the oscillator and drives 
the emitter follower driver transistor TR2. 
With output high, TR3 is turned on, IC1b 
goes low and TR¢ is turned off. When 
IC1f output goes low TR3 is turned off, 
IClb output switches high and TR4 tums 
on. C6 decouples the + VE rail and D1] 
helps prevent component damage in the 
case of supply reversals. 

Once oscillation is established, D2 to 
D5 form a full wave bridge rectifier for 
charging Cl. This capacitor must be of a 
high voltage rating, in this case 450V 
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working, and to keep the voltage within 
limits, Rl can be connected across T1 
primary by inserting link ‘C’ if necessary 
(see Testing). 

Neon lamp N1 indicates when the Cl 
charge voltage is high enough to strike 
the xenon tube, but as neons normally 
conduct at around 90V, a high impedance 
potential divider (R2, R3) is required to 
set this threshold. Resistor R4 charges a 
high voltage capacitor, C2 via the pulse 
transformer primary winding (T2, c &b). 
By discharging C4 to ground a fast 
rise-time spike of several hundred volts 
is generated in the primary of T2 which is 
stepped up to some 5kV in the secondary 
winding thus triggering the tube. Cl 
discharges a high current pulse through 
the tube to ground and is then re-charged 
by the inverter. 

Connecting link ‘A’ allows an exter- 
nal make switch to momentarily connect 
D6 to ground, TR1 base potential is 
lowered via R7 and R8, TR1 conducts so 
that a positive gating voltage appears at 
R5, R6. Thyristor TH1, which can be 
viewed as a switched diode, conducts 
and C2 is discharged to ground from the 
anode to the cathode. Immediately after 
discharging, C2 re-charges via R4 so that 
the anode voltage rises positively, under 
this condition TH] would remain ina 
permanently conducting state, even with- 
out further control gate signals! This is 
obviously not what is required and 
somehow the thyristor must be reset to a 
non-conducting high impedance state. 
Fortunately the effect of expanding T2 
primary, by discharging C2 through it, 
results in the coil contracting back again, 
thus producing a high, negative voltage, 
spike in the reverse direction. This is 
applied via C2 to TH] — taking the anode 
more negative than its cathode. The 
conducting state is thus prevented by 
reverse biasing the anode/cathode junc- 
tion and TH] resets to the high impe- 
dance state, under gate control. 

A second CMOS oscillator runs at a 
lower frequency than the inverter clock 
and with link ‘B’ inserted can be used to 
strobe the xenon tube from approximate- 
ly 0.5Hz to 6Hz. If required links A and B 
can both be fitted for repeat and manual 
triggering. 


Construction 


Refer to the parts list and begin by 
bending the resistor leads for fitting into 
the PCB. Do the same with diodes D1 to 
D6 referring to Figure 4a for orientation. 
Mount both presets (RV1 & RV2), IC1, 
TRI and Cl to C5. Figure 4c, dande 
shows lead connections for TR2 and 5, 
TR3 and 4, also THI which must be fitted 
correctly to the legend. Next fit pulse 
transformer T2 with the primary lead C 
exiting on the left towards C2. Now fit 
vero-pins P1 to 11 from the track side of 
the PCB and push home with a soldering 
iron. All components may now be 
soldered and excess wire ends cut off. 
Clean the tracks with solvent and a brush, 
then inspect for solder splashes, dry 
joints, short circuits etc. Neon N1 can be 
fitted either way round, but X1 must be 
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Figure 4. Component Reference 


fitted with the double wire end to the 
right of the board. For test purposes 
carefully solder the anodes Al and A2 to 
pins 5 and 7 respectively, and the trigger 
electrode directly to the component side 
of the PCB (Figure 3). Mount the min. 
mains transformer T1 with the primary 
(thick wires) to pins 2 and 3 and the 
secondary (three thin wires) to pins 10 
and 11. The centre tap (middle wire) 
connects to pin 1 (+V). Finally re-check 
the construction and when completely 
satisfied, proceed with testing. 


Testing 

Connect a suitable power supply of 
from 4.5V to 12V with + V to pin 1 and OV 
(—V) to pin 4. Adjust RV1 wiper to about 
half-travel and RV2 wiper to the arrow on 
the legend. Turn on the power whereup- 
ona slight buzzing sound should be 
heard, after a few seconds the neon 
should start to glow. Now take a length of 
insulated wire, connect one end to 0V 
and momentarily touch the other end onto 
pin 12. The xenon tube should flash and a 
loud crack may be heard as the air 
around the tube expands; N1 will go out. 
If using a 9 to 12V power supply connect 
link ‘C’ to prevent excess charge across 
Cl and connect link ‘A’. Re-apply power, 
wait for the neon to glow, then touch pins 
8 and 9 together, once again the tube will 











flash. Switch off the power, discharge the 
system by grounding pin 12, remove link 
‘A’ and connect link ‘B’. Re-apply power, 
the tube should flash at approximately 1 
second intervals. Adjusting RV1 will vary 
the flash rate slightly, but not a lot. Switch 
off the power, discharge pin 12 to ground 
and remove the + V PSU lead, leave T1 
centre tap in place. Now connect an 
ammeter between the + V supply lead 
and pin 1 on the PCB, set the range to 0.5 
or 1A and switch on. The final current 
reading will be dependant on the supply 
voltage, on average it should be around 
80mA for a 6 volt supply. Slowly adjust 
RV2 clockwise or anti-clockwise until the 
lowest reading is found, link ‘B’ may have 
to be removed before doing this check. If 
a frequency counter or 'scope is avail- 
able, monitor the inverter clock on IC 1 
pin 15, it should be close to 2kHz at 
minimum current setting. Also an oscillo- 
scope connected across Cl witha 
10M.ohm probe should read below 450V 
DC with a 12V supply and link ‘C’ 
inserted. Note that link ‘C’ will not be 
necessary when using a power supply of 
4.5 to 9 volts. 


Strobe Rate 


Adjustment 
Capacitor Cl is supplied as 47uF but 


‘may be reduced in value providing its 


working voltage is kept at 450V or more. 
Because the inverter source is high 
impedance, the charge rate for Cl is 
slower for larger capacitance values 

and faster for smaller values. The final 
value chosen will depend upon the use to 
which the module is to be put. Thus faster 
strobe oscillator times will require Cl 
being lower in value, say 10uF or less, to 
increase the oscillator frequency still 
further, C5 can be reduced in value. 

One major effect of reducing Cl in 
value is a reduction in discharge current 
through the tube, hence a reduction in 
light output, so this must be bore in mind 
when selecting Cl. If it is required to use 
the 47uF value for Cl, but light intensity 
needs to be variable, link ‘C’ can be 
inserted and the value of R1 decreased to 


sult. Continued on page 26. 
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* Simple & Inexpensive Design 
* Battery Operated — Low Consumption 


by Robert Penfold 


A common way of determining the 
optimum exposure when making en- 
largements is to make a test strip, but it is 
quicker and more convenient to use an 
enlarger exposure meter. With the aid of 
an exposure meter of this type only one 
test strip needs to be produced for each 
box of paper. The correct exposure for 
each negative is then quickly and simply 
obtained using the meter to indicate the 
correct aperture. 

A unit of this type can be very simple 
and inexpensive, and the enlarger expo- 
sure meter featured in this article 
certainly falls into this category. It is 
perhaps a little misleading to refer to it as 
a ‘meter’ since it does not actually 
incorporate a meter movement of any 
kind. Instead, the unit has a calibrated 
potentiometer and a LED indicator. A 
reading is obtained by adjusting the 
potentiometer to the point where the LED 
switches on and off, and then taking the 
reading from the potentiometer's scale. 
This scale is only in arbitrary units from 0 
to 10, but it is perfectly adequate for this 
application. 

The meter has a usable range of six 
stops or more. It is completely self 
contained with power being obtained 
from an internal 9 volt (PP3 size) battery 
which has a long operating life. A simple 
battery check facility is included so that 
misleading results due to an inadequate 
supply voltage can be avoided. 


e e e 
Operating Principle 

The circuit is based on an operation- 
al amplifier which is used as a voltage 
comparator. Figure 1 shows the basic 
circuit of the unit. 

An operational amplifier amplifies 
the voltage difference across its two 
inputs, and at DC it has an extremely high 
voltage gain of typically about 200,000 
times. Therefore, only a very small 
voltage difference at the inputs is needed 
in order to send the outputs of the device 
24 




















Figure 1. Voltage Comparator 


fully positive or negative. The output goes 
positive if the non-inverting (+) input is 
the one at the higher potential, or 
negative if the inverting (—) input is at the 
higher voltage. 

The input to the non-inverting input 
is provided by RVI, which is the 
calibrated potentiometer. The voltage at 
the inverting input is produced by the 
potential divider which is comprised of 
load resistor Rl and photocell PCC1. The 
resistance of PCCl varies in sympathy 
with the light level to which it is 








subjected. The higher the light level the 
lower the resistance of PCCl, and the 
lower the voltage fed to the inverting 
input of the operational amplifier. If RV1 
is adjusted for maximum slider potential, 
and then gradually backed off, the output 
of the operational amplifier will initially 
be high, but will switch to the low state as 
the slider voltage falls below the potential 
produced by the photocell circuit. In 
other words, by adjusting RV1 to this 
switch over point its scale reading will 
reflect (in arbitrary units) the voltage 
produced by the photocell circuit, and 
therefore the light level received by the 
photocell. Due to the high gain of the 
operational amplifier a high degree of 
precision can be obtained with this 
system, and the accuracy is limited 
largely by the degree of precision with 
which the potentiometer’s position can be 
read, rather than by any electrical 
limitations. In fact, in practice the output 
of the operational amplifier will only be 
high or low, and it will not be possible to 
adjust RV1 for an intermediate level. 
LED indicator D1] is used to show the 
output state of the operational amplifier, 
and this switches on when the output is 























Figure 2. Practical Circuit 
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high. In theory the unit covers an 
extremely wide light level range, since 
RV1 can be adjusted to match any voltage 
produced by the photocell circuit. In 
pratice the usable light range of the unit is 
far more restricted as a very wide range 
of light levels are covered by a very small 
section at each end of the scale. The 
scale is only usable over the central 
section where a comparatively small light 
range is covered. The range covered 
here is wide enough for this application 
though, and the value of R1 is chosen to 
bring the appropriate light level range 
into this usable area. 


Practical Circuit 


Figure 2 shows the full circuit 
diagram of the Enlarger Exposure Meter, 
and this has obvious similarities with the 
basic circuit. However, there are a few 
important differences. 

One of these is the use of a 
photodarlington transistor as the photo- 
cell, rather than a photoresistor. A 
photodarlington device has the advan- 
tage of a relatively fast response at low 
light levels and it is also inexpensive. A 
disadvantage is that is does not provide a 
true resistance, and changes in the 
supply voltage may not cause a prop- 
ortional change in the output voltage of 
the photocell circuit, This results in 
changes in supply voltage slightly chang- 
ing the reading produced by a given light 
level; a stabilised supply therefore has to 
be used. IC2 is a small monolithic voltage 
regulator which gives a well stabilised 5 
volt supply that ensures good accuracy 
and consistent results. The circuit has to 
operate at very low light levels (far lower 
than an ordinary exposure meter), and 
this is reflected in the high value of load 
resistor Rl. IC] is a MOS operational 
amplifier which has an extremely high 
input resistance and operates well at a 
supply potential of just 5 volts. Most other 
operational amplifiers will not work in the 
circuit. 

The circuit is very sensitive to stray 
pick-up of mains ‘hum’ and other electric- 
al noise, due to the use of the operational 
amplifier with its full voltage gain. C2 and 
C3 help to minimise this unwanted 
pick-up which could otherwise prevent a 
well defined switch over point from being 
obtained, and could seriously impair the 
accuracy of the unit. 

A simple battery check circuit is 
included, and the only additional compo- 
nents used in this are S$] and D2. With $1 
in the ‘normal’ position the LED indicator 
D1 and its current limiting resistor R2 are 
connected across the output of IC1 so that 
the unit functions normally. In the ‘check’ 
position the LED indicator circuit is 
connected across the non-stabilised 9 
volt battery supply via zener diode D2. 
With about 5.6 volts dropped across D2 
and just under 2 volts needed across D1 
before it will switch on, around 7.5 volts is 
needed across the battery check circuit 
before D1 will pass any current at all, and 
about 8 volts is needed before it will light 
up reasonably brightly. Therefore, if D2 
lights up brightly when S1 is set to the 
‘check’ position the battery voltage is 
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satisfactory. If D1 lights up only dimly the 
battery is nearly exhausted, and if D1 fails 
to light at all the battery should be 
replaced immediately. Incidentally, the 
battery check facility only functions when 
the unit is switched on. 

The current consumption of the 
circuit is only about 5 or 10 milliamps 
(depending on whether D1 is switched on 
or off) and a small (PP3 size) 9 volt battery 
is quite adequate to power the unit. 












Figure 4. PCB Layout and Wiring 




















Construction 


The recommended case for this 
project is a plastic type having an 
aluminium front panel and approximate 
outside dimensions of 11] by 71 by 48 
millimetres. As the printed circuit board 
has been specifically designed to fit this 
case it is strongly recommended that this 
particular type should be used. If all the 
components are to fit into place properly, 
especially TR] and Dl, it is essential that 
the mounting holes in the front panel are 
drilled in the correct positions. Figure 3 
gives drilling details for the front panel, 
and once again, it is strongly recom- 
mended that this layout should be used. 

Details of the printed circuit board 
and wiring are provided in Figure 4. IC] 
is a MOS input device and it should 
therefore be mounted in an 8 pin DIL 
socket. Do not fit IC] onto the board until 
all the other components have been 
mounted, and leave it in the antistatic 
packaging until then. Handle IC] as little 
as possible. D1 and TR] are mounted at 
right angles to the board, and are made to 
protrude slightly over the edge of the 
board. When the completed board has 
been wired up to the rest of the unit it is 
slotted into the vertical set of guide rails 
on the extreme left hand end of the case, 
with the component side of the board 
facing inwards. With D1] and TR] suitably 





positioned they will fit into their mounting 
holes in the front panel when this is 
pushed into place. 

Either RV1 must be fitted with a 
calibrated control knob, or it must be 
fitted with a pointer knob and a scale 
must then be marked around this. The 
former is by far the easier option, and is 
the one adopted for the prototype. An 
indicator line must be marked on the 
front panel next to RV1. 


In Use 

In use the unit is simply placed on its 
back on the enlarger baseboard with the 
photocell facing upwards towards the 
enlarging lens. In order to find the 
correct scale setting for a particular box 
of paper it is necessary to first determine 
the optimum aperture and exposure 
times for an average negative. This is 
done in the usual way by producing a test 
strip. With the negative and the diffuser 
in place and the enlarger adjusted for the 
appropriate aperture, position the expo- 
sure meter on the baseboard and adjust 
RV1 to the switch over point. Make a note 
of the scale reading and the exposure 
time on the box of paper. 

The procedure for finding the cor- 
rect exposure for a new negative is then 
quite straightforward. Place the exposure 
meter on the baseboard and set it at the 
reading marked on the box. With the 





negative and diffuser in position the 
aperture of the lens is adjusted to bring 
the meter to the switch over point. This 
then gives the correct aperture for the 
exposure time marked on the paper's 
box. The same exposure time is always 
used for a given box of paper, and only 
the aperture is varied to suit each 
negative. 

As the photocell has only a very 
small sensitive area it is possible to use 
the unit as a spot meter, reading either a 
highlight or a shadow tone as desired, or 
it can be utilized as an integrating meter if 
a diffuser is fitted under the enlarging 
lens while metering (as described 
above). An important point to keep in 
mind is that a different scale reading for a 
given box of paper will be obtained for 
each of these three methods, and if using 
more than one of these you must note the 
correct readings for each method on the 
box (and then be careful to use the right 
one each time). 

The unit should give satisfactory 
results without any modifications being 
made, but it is just possible that the range 
of light intensities that you will use may 
tend to be in a cramped portion at one 
end of the scale or the other. If necessary 
R1 can be raised in value to broaden out 
the low light level end of the scale, or it 
can be reduced in value to broaden out 
the opposite end of the scale. 
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OVERBOARD 


FOR BBC MICRO _ 


* Gives Easy Access to User-port, IMHz Bus and 


Analogue Input. 


* Provides Standard Edge Connectors for 
Development Purposes. 

* +5V and +12V Switching and Indication. 
* Pused External 12V Input. 


by Robert Kirsch 


The Acorn BBC computer is one of 
the most popular and versatile of the vast 
range of microcomputers at present 
available and is ideally suited for 
development work. The one drawback is 
the location of the 1MHz Bus and User 
Port underneath the computer. This 
project describes a Motherboard that 
brings both these ports as well as the 
Analogue Input out to 4 parallel double 
sided edge connectors on a board that 
can be located either in front of or behind 
the computer when in its working 
position. Power switching and protection 
are also provided. Figure 1 shows the 
circuit diagram and pin functions of the 
motherboard (only one of the 4 identical- 
ly connected edge connectors is shown). 
Note that the pins are configured to keep 
the individual ports from the computer 
grouped together with power supplies at 
either end. 


Construction 


The construction of this project is 
fairly straightforward although care 
should be taken to ensure the correct 
polarity of the capacitor C1 and LED] and 
LED2. Note also that the location guide on 
the edge connectors is towards the side 
of the PCB away from the external power 
input socket. The headers of the ribbon 
cables should be carefully inserted 
through the PCB to prevent bending 
under any of the pins during insertion. 
There are three wire links to be provided 
on the board and these can be made of 
any odd lengths of tinned copper wire 
about 24swg. Careful inspection of the 
completed project is recommended to 
ensure that there are no short circuits or 
unsoldered pins before connection is 
made to the computer. 

NOTE: Always turn off the power 
before any connections are made to the 
computer ports or cards inserted into the 
motherboard. With the motherboard 
connected and no cards inserted the 
computer should function in the normal 
manner. This project is the first of several 
we hope to include for the BBC computer 
and we would be interested to hear from 
anyone having projects for the BBC 
particularly if they could be adapted to 
use the motherboard system shown here. 
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Figure 1. Circuit diagram 
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ZX SPECTRUM | 
RS232/MODEM 
INTERFACE 


In order to avoid possible problems 
with Series 3 Spectrums, when using this 
interface, please make the modifications 
described below. 

Please note that with these modifica- 
tions fitted the interface will still function 
correctly with Series 1 and 2 machines. 


Modifications 

Four small modifications are re- 
quired (I to IV), these are shown in the 
revised circuit diagram (Figure 1), and 
the PCB layout diagram (Figure 2). 
TI) Remove the third track through pin 
situated alongside pins 6 & 7 of IC4. 
Reconnect IC4 pin 6, with a short length 
of insulated wire, to +5V, on IC2 pin 14 
Il) Remove the first track pin (same group 
of three) alongside IC4, pin 4. Re-connect 
1C4 pin 4, with a short length of insulated 
wire, to OV, on IC4 pin 8. 
Il) A new Min. 15 ohm resistor (R11) must 
be connected in series with the + VE lead 
of C4 and the —12V terminal of the PCB 
edge connector (on the component side 
of the board — 6th terminal pin from the 
right). Cut the — 12V track above the PCB 
slot and rejoin using Rll as shown, 
soldering directly to the track. Care 
should be exercised whilst cutting and 
soldering in this area. _ neal Rs 54 
IV) Resistor RS (previously 180 ohm) must a ene ‘~< “| 
be increased to a Min. 1K0. 





Mod. No.12] 

Ramove track pin and 
connect pin 4,0C4, to 
bing, IC4. 





Mod. No It! 


Remove track pin and 
connect pin6,iC4, to 
pint4, IC2. 


Ril 
Bend sat | 
thus 


Mod. No.3 (see drwg,] 
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RS 232! MODEM INTERFACE 
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Deluxe ORP CW Transceiver 


HW-9 

* Broad band circuits cover 250kHz of 
CW in the 80, 40, 20 and 15m bands. 

%* Expandable to cover 30, 17, 12 and 10m 
bands with optional Accessory Band 
Pack. 

* Solid-state T/R switching allows for full 
break-in. 

* Front panel 
strength meter. 

* Continuously variable RF output. 

* Receiver incremental tuning. 

% Wide or narrow audio active filter. 


relative signal/power 


The Low Power Challenge 

Join the challenge of low power QRP in 
the world of five watts and below. The all 
new Heathkit HW-9 transceiver sets the 
standard for comparison in wide dynamic 
range performance. Rugged and light- 
weight, the HW-9 is ideal for portable 
operation. This QRP transceiver can be 
powered from 12V batteries, a lighter 
socket, or our XG10L power supply 
('84 catalogue page 104). 


Operator Convenience 

The HW-9 covers the 3.5-3.75, 7.0-7.25, 
14.0-14.25 and 21.0-21.25MHz operating 
ranges. Install the HWA-9 Accessory 
Band Pack and expand the coverage to 
include the WARC bands at 10.1-10.15, 
18.068 - 18.168, 24.89 - 24.99 and 28.0 - 
28.25MHz. Use headphones or attach a 
speaker. 


Totally New Design 

The design of the transmitter and 
receiver sections brings state-of-the-art 
performance to avid QRP operators, 
newcomers and old timers alike. Micro- 
electronic circuits reduce transceiver 
weight while providing a level of per- 
formance and features unexpected at this 
price. Among these features are: broad- 
band design, wide dynamic range, auto- 
matic AGC, single conversion, balanced 
product detector, active audio process- 
ing and RIT. 

Main Features 

The broadband design eliminates the 
need to tune circuits within a band. The 
wideband front end uses a double- 
30 





“seg sae sa sees = 


balanced mixer and 4-pole crystal filter to 
handle wide dynamic range signals with 
ease and eliminate the customary RF 
amplifier in the receiver section. Auto- 
matic AGC circuits provide superior 
receiver performance and audio res- 
ponse. A single conversion in the main 
signal path reduces spurious responses 
and maintains superior image rejection. 
Signals are pulled through the sensitive 
front end with ease. A balanced product 
detector followed by active audio pro- 
cessing provide outstanding perform- 
ance. RIT (receiver incremental tuning) 
permits tuning the receiver 1kHz above 
or below the transmit frequency. Few 
other ORP CW transceivers offer as many 
features. 

Kitbuilding Fun 

Detailed instructions take you through 
assembly and alignment, step-by-step. 
Only a multimeter, a frequency counter 
and dummy load are required to align the 
HW-9 Deluxe QRP CW Transmitter to 
specification performance. After a few 
nights of kitbuilding fun, accept the 
challenge of QRP OSL-hunting with 
Heathkit’s newest and best-ever low- 
power rig. 


Specifications 

Transmitter — RF Output Power: 4W (3W 
on 10m). Transmitter Frequency Offset: 
approx 700Hz. Antenna Load Impedance: 
At least 90% of rated power with less than 
2:1 SWR. Protected against high SWR. 
Harmonic & Spurious Radiation: —35dB & 
—40dB minimum at rated output. T/R 
Operation: CW, full break-in. 

Receiver — Sensitivity: 0.2uV for readable 
signal; 0.54V or less for 10dB S+N/N. 
Selectivity. Wide, lkHz max @ 6dB; 
Narrow, 250Hz @ 6dB. Dynamic Range: 
85dB. Image & IF Rejection: 60dB min. 
Audio Hum Noise: —60dB. Audio Output: 
1W into 80. 

General — Frequency Stability: Less than 
150Hz/hour drift after 30-minute warmup. 
Power Requirement: 11-16VDC, 12.6V 
specified. Dimensions: 108x235x216mm. 


Order As HS63T (HW-93 QRP Trans- 


ceiver) Price £299.95 
Order As HS64U (HWA-9 Access Band 
Pack) Price £49.95 
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Diges 


Teach Yourself MS*-DOS On 


Your IBM-PC 


* Teaches MS-DOS in general and 
Z-DOS** specifically, using exercises 
for the HS100 series computers operat- 
ing under Z-DOS. 

%* Leam as you go with programs for your 
HS100 or IBM-PC. 

* Teaches the structure of MS-DOS with 
exercises in command use. 

* Complete coverage with how to access 
system routines to do console input/ 
output and work with disk files. 

* Full section narration guides you 





through the course in everyday 
language even a beginner can 
understand. 


Comprehensive Course 

In seven units, the course teaches how 
MS-DOS is organised and all about how to 
use it. Directed toward the novice 
computer user, this course of study 
provides instruction in all the built-in 
commands and in the typical transient 
utilities. It will also provide an under- 
standing of what assembly language is 
and how to use the system routines and 
the program debugger. 





Course Description 

About MS-DOS in general and Z-DOS 
specifically, this course begins with a 
disk operating system background and 
explains how the disk itself is organised. 
Then the most often used commands are 
discussed along with how to enter and 
edit command lines. Examined next are 
the frequently used CHKDSK, FILCOM, 
RDCMP and MAP commands. This is 
followed by a study of the file editor, 
EDLIN, including all its features. The 
program debugger, DEBUG, is then 
explained. The final unit teaches system 
interfacing through assembly language. 
Shown is how to input and output 
characters and strings, to read and write 
disk files and to use directory entries 
within programs. 


Full Section Narration 

Accompanying the MS-DOS course are 

three audio cassette tapes which intro- 
Continued on page 35. 
Maplin Magazine June 1984 











1984 CATALOGUE PRICE CHANGES 


The price changes shown in this list are valid from 14th May 1984 to 11th August 1984. 


Prices charged will be those ruling on the day of despatch. 


For further details please see ‘Prices’ on catalogue page 12. The letter 
in brackets after the price on some items, indicates the minimum 
10; C = 25; D = 50; E = 100; F = 250; 
G = 500; H = 1000. For further details see ‘Trade Prices’ on catalogue 


trade quantity thus: A = 5; B = 


page 13. 
Price Changes 


All items whose prices have changed since the publication of the 


Key 


1984 catalogue are shown in the list below. Those where the price * 
has changed since the last Price Change Leaflet (dated 13th February 

1984) are marked ‘e’ after the price. A complete Price List is also $ 
available free of charge — order XFO8J. 
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Catalogue 
Page No. 


AERIALS 


Page 24 


Mushkiller FM 1083... 
Mushkiller FM 1035 .. 
Mushkiller FM1087 
Tracolour TC10 Grp A....... 
Trucolour TC10 Grp B .. 
TrucolourTC 10 GrpC/D 
Trucolour TC13 Grp 
TrocolourTc13 Grpcvo 
Trucolour TC18 Grp 8 


£13.96 (Ajo 
£19.80 (Ajo 











TrucotourTC 18 Grpc/D 5 
Extragain XGS5.... 


- £17.95 (Ale 





£23.95 (A) 
£23.50 (Abe 

















« £22.50 (Ajo 

£24.95 (Ale 

£39.95 (A}e 

wXO44X  ExtragainXG14 GroupB £39.95 {Aje 

weXQ45Y = ExtragainXGi4 Grpc/0 ....£38.40 (Aje 

wXQ46A = ExtragainXG14 Wdbnd £38.95 {Ajo 

*XQS0E Extragain el) Syabnd £54.60 {Ajo 

XY30H = Toptenna.... £3 98 (B) 
Page 26 

Xa57M Lasts Kit Wit 7 £16.95 {Ajo 

XQ600 Mast D..... £4 25 (Che 

xG6tA = Mast& £11.99 (B)e 

wXQ625 Mast ~~ £19.95 (Aje 

XQ63T MasiM -.-- £6.62 (B) 

YX730 «Amp XB1U _. sno 16.95 (A) o 

BKOGG Amp VX1B .. £19.95 (Alo 

£23.15 (A}@ 

~ £5.72 (Bye 

BW526 Splitter esi . £8 28 (B)e 

YQ23A = Splitter CS200 .. £5.95 (C)e 





Attenuator 12dB 














YG20W Ferrito Rod 810. 55p (Fie 
TYG21X Ferrite Rod 814. see {Fle 
TYG22Y Ferrite Rod 101 (Fe 
TYGZ3A Ferrite Rod 10: £1 rab (ele 

Page 29 

LB12N MW/LW Aerial £2.34 (C) 

RK48C -&-Section Antenna £1 36 (Dhe 

LBIOL  Telescp Aerial 1.22m.......£4.95(C)@ 

BATTERIES 

Page 30 

YGoO2C NiCedC 7 aostsnattee £3.48 (0) 

RK&BA PCB Mounty 3.6 Bet .. £3.24 (C) 

WY22Y Ni-Cad Charger £7.95 (Bye 

Page 31 
TtHW32K PP3 Nicad Charger £3 95 (Be 

XX09K AC Adaptor BR300. £595 (Ce 

YASSP —1.5V Bott Box... 18p (G)e 

YAGIR 4.5V Batt Box . ASp (Foe 

HF23G Gv Bett Box _. .- Shp (Fle 

HQOIB SvBett Holder _.. - 45p (Foe 

RK4SY =12V NiCad Bairy Box ..79p (Fe 

HF9?7F =HP2 Batt Box ..... -35p (E)e 

Page 32 

HY32K = Lerge Batt Hidr... £2.221D) 

YXS2A Dummy Battery 24p (G)e 

BOOKS 

Page 33 

WAZ7E Basic Elec & DC Sets £13.60 NVe 

RU27E Book NB147 £8.96 NVe 

XW31d) Book MM&39. Ors 

Page 34 

WG7!N Book BPS4 . OS® 

WA4SX Undrstndng Auto Elec. £579 Ve 

RLISP = Book NBOSS :, £352 Nve 

RHO4E Book BPS os 

Page 35 

RH53H Book BPt60. FEISS AVe 

XW53H Book NB454 _ £490 NVe 

RLISV Book NB126 - £562 NVe 

WA20W Understdng Electrnes _ £574 NVe 

WA21X Undrstdng Dig Ele _ £5.72 NV 

Page 36 

RHE3T Book N54) S345 NV 

Ws87U Book AG530 £4.95 NVe 


WA24B Undrstdng Communcins £5.79 NVe 


ROGBY Book FTS38. £1056 NV 
Page 37 

RFNIM Book BP4O .. . DIS 
WAI9V TI Linear IC Guide ..DISe 
WGS58N Book FT1199 ... £13.45 NVe 
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Page 38 

WG23A Book JW568_. _... £90 45 NV 
RLO7H Book NBO7E ... DIS 





RO260 Book NB319... 
WA29G Book BP88 .. 
RBZSC Book BP225.... 


Page 39 
RR37S_ Photocell Apps Book . 
WA26D Undrstdng ppionies 

RR27E Book NB20 . 
RROSE Book NB203 


Page 40 

















W601B Book NB447......... . £6.42 NV 
WG44X Book AG500 £544NV 

RROSK = Bobk NB229. £4.74 NVe 

RO28F Book BPA8.......... wae 98 NV 

Page 41 

W6G57M Book FT1300 £19.95 NVe 

Page 42 

WG350 Book H0893 £8.20NVe 
WK45Y Undrstn Phone Elctrn. &SB4NVe 
WGS4C Book FT1349 £12.95 VVe 
WGStY Book FT1261 ... v= £B.95 NVO 
RH18U Book BP24 £1.88 NV 
Page 43 

RO6EW Book BPS9. £1.95 NVe 
TRRO7H Book NB216 £5.92 NV 
WA62S Book NB769. 0 £5.95 NVe 
RBIOL Book NB269 £575 NV 
Page 44 

RF20W Book HO734 

XW30H Book MM700 

XW08J Book BPso. . 

XW45A Book MMS513 

Page 45 

WEIR Electrnics for Techs - £5.88 NV 
ROBOB Book FT926 olse 
XW06G Book FT107)....... .. £392 NV 
Page 46 

XW28F Book FT841.......... 

WG92A Book FT1341 

WG6IA Book H0182 

WAGOO Book FT3076.. a 

WASSP Book FT 1391 ............ 

RROOA Book NB195 

WASOX Book NB112 

XW54J Book NB439.... 

Page 47 

XWS3SH Book FT 1054 ...DISe 
AB22¥_ Book BP2z2...... £1.58 NV 
WG6S52G Book NBS02 . £4.67 NVe 
WGS5D Book FT1305 £50.90 NVe 
WG336 Bopk FT1235.. = 
WGB0B Book 11185... £7.95 NVe 
Page 48 

WAS7F Book NBI56............ - £8.20 NV 
WASGIR Book FT1403 £10.27 NVe 
WGS7F Book KNOG5S < DIS 
XW96E Book FTS33 ..... pect esttvued OFS 
RH59P Book N&O16 . £5.65 Ve 
RH57M Book NB001..... £11.57 NVe 
Page 49 

WG8SW Book NB132 $3 3NVe 
XW88V Book AG569. &45NVe 
RQSSP Book NB367.. i £345 NV 
XWs84F Book AG353 _.. ........ ... -DISe 
RLIOL Book NBOS4 £5.56 NVe 
RL14Q) «Book NB101 . £554 NVe 
RR24B Book NB970 £6.96 NV 
WA8SW Book NB444 £9.70 NV 
xW23G Book NB378 OjSe 
RH62S Book NB033 DiSe 
Page 50 

RFI7T =©Book NB240.. £14.88 NVe 
RL23A_ Book NB137. £13.74 NV 
WAS4C Book N8577 £5.69 NY 
WASSD Book NBSO6.. os £13.48 AV 
WG69A Book AG6D2 .. £9 85 NVe 
KwssG Book AGSIC ....DIS 
Page 51 

RFI6S Book NB253 £1458 NVe 
WK80B Music and the Micro E584 NV 
WGDSK Book JW265 palin ceaae ELS 
WG40T Book HO753 £21.76 NVe 
Page 52 

RROIB Book NB196 olse 
RO34M Book NB368 £539 NV 
WGB82D Sook FTI364 £895 NVe 
XW41U Book ITN1 ” os 
Page 53 

RO38R Book NB359 . . Ors 
WA22Y Undrstdng Micros i .OIS 
AQGOIB Book Sybex C201 £15.45 NVe 
ROI3P Book Sybex M11 £10.69 NV 
WG7SL Book NB530__. ois 
WK6SW Compicte Programmer. £5.85 VVe 
Page 54 

WKS3H Micro Facts NOV8S 
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WMo08! Using The New Brain......... 


WG7B8K Book NB4396_.... .. 
W6G17T Book HD897 .... 


Page 55 

Book HO16S 
Book HO813 ..... - 
Book FT1200. 
Book FT1070 
Book Sybex C207 


Book NB329.... . 
Simpie Intsrtece Bk. 
Book HD177 

Book FT1330 ._.. 


Page 56 

XWISV Book HO166 .. 
XW80B Book C202 

WAODSF 6502 Assembly Subs 
WM17T 6502 Machine Code ... 
WG63T Book HO183 


XW70M Book M3......... 
ROO6G Book Sybex L2.... 
WK30H Programming 6803 


Page 57 

XW69A_ Book M2, _... ... ss 
WGBEW Book JWODOS...............- 
WG21X Book HO167 
XW7IN Book M4 
XW72P Book C280. 
WGI6S Book JW33! 
WAS3B Book NB184 


Page 58 
RO4ZV Book HO585 


Page 59 
WAG4U Learn Pascol Frn Bsc 
WG280 Book JW180 





Discover FORTH 
Book Jweas . 
Book C300 . 
Exploring Forth... 


Page 60 

WK23A Book Basic Laie 
WGS0X Book FT136: rayon 
xwe00 Book HDve2. 

Xws4C Book FTI095 

XW23A Book HO155. 


Page 61 


Visicalc Come een 
WG41U Book M46 





WG140 Book JW466 
Book JW436 


Page 62 

WAS38N Book JWSS3 

WAA4DT Your Atari Computer. 
WAABA Op-Sys Users Manual 
WK44X Atari BASIC Exercise 
WK8SG More From The Atari 


Page 63 


Wwki9v (WMO4E ) 


WK41U_ Games BBC Cmpts Ply....... 


WK43W BBC Creative Grphics 
WK56L BBC Machine Code Bk . 
WK6SV BBC Assembly Lang .. 


Page 64 

WK7IN 21 BBC Micto Games .. 
WK88V Machine Code BBC 
WMz21X BBC Micro Book 
WKS3OX = Advnecd Prog BBC Eicn 


Page 65 


WK72P More From The VIC 20. 
WK45A The Working CBM 64 


VAT 
Inclusive 
Price 


NOVEse 
£753 NVe 
ols 


£16.20NVe 
£5.36 NVe 
£10.38 NVe 


£1136 NVe 


£1545 NVe 


- £6.98 NV 
£7.54 NV 
£9.36 NV 

£895 NVe 


olse 
£13.59 NVe 
£1572NV 
£7.95 NV 
..O1S 


. £74 83 NV 


1, £9,45 NVo 
£14.20 NVe 


£1487 NV 
£11.72 NV 
11.95 NVe 


- 14 BY NV 


£1232 NV 


£1025 Nve 
L555 NV 


-£14 25 NV 


£13.95 NVe 


£8.42 NV 
£13.46 NVe 


.. £8.24 NVe 


Oise 
£1443 NVe 
£13.26 NVe 
£5.45 NVe 


-£18.40NVe 


. £1541 NV 


£15.62 NV@ 
ols 


£3.23 NVe 


~ £10.50 NVe 


Oise 


£10.90 NVve 
£1493 NV 
£1B95NVe 


. £13.64 NVe 


£6.61 NV 


. £8.95 NV 
£3.63 NV 
~ £885 NV 
£6.52 NVe 
. £8 20NV 


£6.61 NV 
£742 NVe 
£3.80 NV 
--. £6.25 NV 


£5.85 NVe 


-- £6.95 NVe 


WKS52S_ CBM64 Prgrmmers Ret £1240 NVe 


WM1BU Commodore Code Book. 


Page 66 
WKSSE Oragon Graphics 


WMO00A Guide To Dragon 32 
WK32K Working Dragon 32. 


WK58N Oragon Games Master... .. . 


Page 67 
WASIY Book NB2Z3. 


Page 68 

WAS4F ZX83 Companion i 
WAB8ET Sincluir Machine Cde 
WKO2C Spactrum Programmer 


Page 69 

+WA7BK 20 Prog For Spectrum. 
WK38R Working Spctnm Vol 1.. 
WK39N 40 M/C Spctrm Rutnes 
WK40T Spctrm ByHnors mic 
WKS7M Spectrm 


WM30H 20 ZX Programmes 
WM22Y Programmes For ZX . 


Page 70 
WM61B ZX Spoctrum Guide 


OM Disasmby. 
WM20W Spectrum Arcade Book. .. 


£7.60 NVe 


£6.51 NV 

Oc! e4 
£762 NV 
£754 NV 


E.ISNVe 
£757 NV 
£6.97 NV 
£74) NV 
. £310 NV 


£4.48 NV 
£2ANV 


“£723 NVe 


_. SEPTB4 


*®WM36P Grips Gric M/E Code. 


*FG41U PSU Box and Plug.......... 
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WKB84F The Oric Programme: 





WKS2A The Jupiter Ace ...... 


BOXES 


Page 71 
Box PB! White 

Box PB! Grey... 
Snap Box Bt 
Snep Box B 
ABS Box MBI 
ABS Box MB2 
ABS Box MB3. 
ABS Box MB4._.. 


Page 72 
YK24B Calc-Style Verobox.............. 


Page 73 







£1.95 (D)e 
£3.46 (Che 





£5.24 (C) 
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Page 74 
Verobox 101... 
Verobox 102 
Verobox 104... 
Verobox 106. 
Verobox 107 

















Verobox 213... 


Verobox 214 
Verobox 215. 
Verobox 217... 
Verobox 301 
Verobox 303... . 


Verobox 305. 
Verobox 401.. 
Verocase 501 
Ftip-Top Box 601 Bik. 
Verobox 701... 


Verobox 705 . 
Titt Leg Large... 


Page 75 
Case WB1 Vinyl . 
Caso WB2 Viny! 
Case WB3 Viny! 
Cease WBS Viny! . 
Case WBE Vinyl 


Case WB? Viny! 
G-Range 3G. 
G-Renge 4B.. 


Page 76 
Blue Case 227... 
Blue Case 235. 
Blwe Case 209. 
Blue Case 212 
Blue Case 23 


Blue Case 236. 
Blue Case 222 . 
Blue Case 226. 
Blue Case 237 
Blue Case 233 


Blue Case 238. 


Page 77 

HH23A Recess Plate. 
FXO6E = Castors............ 
FX06G Cool Gritie 
FXOIB Inst Handie large. 
Fxo2¢ 3 


Ferrule 
Page 78 
BK29G HO Strap + Recess... 
LHO8J Recess Handle . _. 
BK25C Cab Corner/Foot Lge - 
YLOSE Lift off Hinge ....... 


Page 79 
YLO6G Butterfly Catch. 


CABLES 


Page 80 
Wire-Wrap Biack.. 
Wire-Wrap Red... 
brs Whi 
Beall Wire Pin! 
Bell Wire Vio! 


Wire t0P Black .... 
Wire 10M Biue.... 
Wire 10M Brown 
Wire 10M Green... 
Wire 10M Grey - 
Wire 10M Orange .. 
Wire 10M Pink - 
Wire 10M Red... 
Wire 10M Violet 
Wire 10M White 


Wire 10M Yellow .............. 


Page 81 


XR5S7M HC Wire Black... ......... 
XR68Y = Min Extra Flex Black 
XRE9A = Min Extra Fiex Red. 


Page 82 

YGO8) Liv Speeker Leads 
XR47B Twn Mains OS Black... 
XROGA Twn Mains OS White. .... .. 














BRAS BERS 





.. 5p {Gje 
B18 















. B2p {Ee 
£2 62 (0) 





= £4.95 (Che 














42p (Hie 
A2p (Hje 


42p {Ge 
Vp (G) 
17?p {G) 


£6.95 1B}= 
23p (G) 
21p (G) 


1984 VAT 
Catalogue inclusive 
Page No. Price 


Min Mains White 









HO Mains White. 

XRIIM HD Mains Orange 
xR24B Cotton Mains. 
XRB50E 1.5mm TE Cabie...... 


Page 84 
XR53H = Imm Trp! & ECC Col. 
XAISR Min Screaned........ 
XAI2N Cable Single Biac! 
XR13P Cable Single Grey 
XAIGS Single Mic Cable 


XRIBU Low Noise Send........0..-. 


Page 85 

XA21X Cabie Twin. 
XRBA_ Cable Quad... 
XRGEW 4-Wire Phone Cable 
XR28F = Multi-Core 15-Way 
HO490 «Twin Stretchflex.... 


Page 86 

XAZOH Standard Co-Ax 
XR29G Low Loss Co-Ax 
XR31J Bal Feeder... . 
BL6SA Ht-Resist Sleeve Grn. 


Page 87 
BHO7H = Systoflex 2mm Biue. 
BH43W Systofiex Grom nO 
BLE65V Lacing Cord... 
BH28F = Satix 12... 

LROAE Cable P Chip Vin... 


Page 88 
BHI6P Hiatt Rd Smm......... 
BH41U Hiatt Flat 4mm. 


CAPACITORS 
Page 92 


Ceramic 1.8... 
Ceramic 22 
Ceramic 3.3 
Ceramic 39 
Ceramic 4.7. 


Cersmic 5.6 
Ceramic 6.8 
WX43W Ceramic 8.2 
Ceramic 10. 
Ceremic 12.. 





9p (Ge 
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7p (He 
7p (He 
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C 
Ceramic 33.. 


Ceramic 39. 
WX52G Ceramic 47 
WXS7M Ceramic 120 ..... 
Ceramic 150... 

Ceramic 270. 





WX70M Ceramic 1500. 
Ceramic 1800 
Ceramic 2200.. 
Ceramic 2700... ... 
Ceramic 3300... 

Caremic 3900. 
Ceramic 10,000. 


Ceramic 22,000 
Monocap 6.001uF._ 


Monocop 0.0047u! 
Monocap 0 01uF.... 


Monocap 0.022uF. 
Monocap 0 047uF.. 
Monocap 0.1uF. 


Page 93 
1000V Disc 4700pF 
Mica 5pF ........ 
Mica J0pF ... 
Mica 22pF .. 
Mica 33pF .. 
Mica 47pF ... 
WX1IM Mica 68pF 
Mice 100p! 
Mice 120pF 
Mice \50pF 
Mica \80pF 
Mica 220pF 
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. 24p 1G) 
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Mica 1000pF .. 

Mica 4700pF ... 
Page 94 

BxX25C Polystyrene 33. 

BXS7M = 1% Potysty 1260 
Page 95 
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Polyester 0.015uF 
Polyester 0.022uF. 
Patyester 0.1uF 
Polyaster 0.15uF.. 


Polyester 0.22uF. 
Polyester 0.47uF. 
Polyester 0.68ui 
Potyester tuF. 
Patyester 2.2uF. 


Page 96 
FFS3H «=: IS Cap OOtuF 
FFSSK +S Cap 0.047 
FFS7M = IS Cap 0.22uF 
WW730 Tant 22uF 25' 


Page 97 
PC Elect 2200uF 16' 
Axial | 5uF 63V 

Axia! 4,7uF 450V | 
Axial 10uF 63V.. 
Axial 10uF 100V 


Axial TUF 450V 


0p (H}@ 
14p {Ghe 


ue He 
















2p (Gle 
35p (Fle 


Aonal 15uf 16V. 
Antal 15uF 40V_ 
Axial 15uf 63V.. 
Axial 22uF 25) 
Axial 22uF 63V_ 


AXial 22uF 100V 
Axial 33uF 6.3V 
Axial 3uF 16' 
Axial 47uF 25' 
Axial 47uF 100V 


Axial 100uF 63V 
Axial 100uf 1G0V 
Axial 150uF 6.3) 
Axial 220uF 25V 
Axial 330uF 25V 


Axial 47GuF 16V 
Axial 470uF 25V 
Axial 620uF 16V 
Axial 680uF 25V ... 
Axia) 1000uF 10 


Axial 1000uF 36V 
Axial 1500uF 6.3V 
Axial 1$00uF 10V 
Aotat 1500uF 16V 
Axial 2200uF 10V 


Axial 220QuF 25V 


12 (H)@ 
10p (Ge 
179 (Ge 
10p (Ge 
12p (G)e 



































38p (Fle 
. 68p (E}e 
1.20 (E}e 
£1.26 (D)e 
.B2p (E)e 
729 (E}e 





Axial 4700uF 10V 


Axial 4700uF 40V 
Reversatytre uF. 
Reversolytic 10du.. 
Can 1000uF 100V 
Can 1500uf 63V 


Can 2200uF 40V 
Can 2200uF 63V . 
Can 3300uF 40V 
Can 4700uF 25V .. 
Can 4700uF 40V .. 


Can 4700uF 100V 
wFFIOH =©Can GBO0Gut 40V. 
wFFSIJ = Can 10,000uF 2: 


Page 99 


FF35Q = Clip Can 40... ve 219 1G 
FF6P i 2 























WEF2IX 
wFF22Y 
wFF24B 
wWFF26D 
wFF27E 


wFF29G 


MP Chystal MHz... 
MP Crystal 2.4576M! 


MP Crystal 4Muz.. 
MCR 





CAR ACCESSORIES 


Page 101 

LHS9H = Windscreen Aerial .. 
XX37S_— Car Aerial Bo: 
ywssP 


Page 102 
WYO9K Demister .. 






















FYOIB) Tyre Pressure Gauge 1.25 10; 
XB44X «Car Speakers She 45 (Be 
MQ76S 10W Car Stereo Spkrs. ... OS (A) 
Page 103 
XG27E 15W Shelf Speaker: £18.95 (Aje 
AFOOA Booster Amp... DIS (A) 
AFOIB Booster Equalise: Ols (A) 
YX85G Speed Sensor... 6.90 (A) 
COMMUNICATIONS 
Page 104 

WXGIOL =12V 3A Power Unit...........£16.95 (Ajo 
Page 105 
ya73Q CB/Radio Aerial Cplr. 





xG13P 
HLUS4C 


Page 106 
YKQOA 2m Scanning Receive: 
WY12N 10W PA Amp 
xYBTC «= 40W PA Amp 


Page 107 


XY¥820 GOW PA Amo.......... 
XY76H Pistol Grip Megphone 


1.6m CB Aerial. 
30W Dummy Loa 

















LB72P = Intercom 2-Station. 
Page 108 
XY773 — 4-Channel FM Intrco £39.95 (Aje 






AFOSK AM Radi 
xG18U PB Telep' 


COMPUTERS 


Page 110 


AFBIC Atari 1050 Dsk Oriv 
HY¥24B Printer 822 Paper 
AFéZ¥ 800 Cent i 


Page 111 


AF4aax 48K RAM Memry Madule 
AF45Y = Atari 400 48K Upgrad. 
AFSOX = Starfighter Joystick... 


Page 112 


AF83W  Jaystick Lead .. 
Bas04 Adventure Land. 










Page 113 

KF950 9 Adv with Grphes Disk bise 
Page 114 

BG75S Galaxy Cassette... DIS@ 
32 
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Page 116 

KHOGA Strng Odys Gohes Dis 





KH38R 49 Swardpoint Disk Atar. 
KH21X Tetengard Cass... 


Page 117 


KHO7H Curse Crwly Mnr Cass. 
KB31J 0 Zork HI Disk., 


Page 118 
KB74R Baja Buggies Cass... 


Page 119 

KHI6S Controller Cass 
KFIOL Qefender Cart. 
KT22Y Donkey Kong Atari. 


Page 120 

KT33L_ Donkey Kong Jr... 
BQ62S Galactic Chase Cass. 
KH29G)  Gridrunner Cass Atar 


Page 121 

KT43W Joust Atari... 
KF88yY Jump Man Disk 
BQI6S Lunar Lander Cass 


Page 122 


KT2aF «= Mss. Pac-Man ....... 
KF93B Number Stumper 
KF34C Number Stumper Disk 
KT34M_ = Pengo Atari........ 


Page 123 


KT35Q Pole Position. 
KFI8S ix Cart...... 
BGSSH Roadracer Cassette 


Page 124 


BGI9V Shoot Gallery Disk........... 
KT47B Soccer Atari... 
BG42V Space Chase Cassette...... 


Page 125 
Wizard Of Wor Cart 
Tank Arcade Cass . 
















































KT29G_s Tannis....... ' 
KB63T = Tutti Frutti Cass. er 
KH36P Up Up & Away CassAT........... DISe 
Page 126 

KF20W Zaxxon Cass.......... O1Se 
KB38A Battle Normandy Cas. OS 
«T25C Eastern Front - 1941... OS 
Page 127 


KBOOA Legionnaire Cassette 
BG83E NA Convoy Raider Cs. 
KBO1B  Tigersin Snow Cass... 


Page 128 

















BG87X Acquire Disk... . DIS 
KT23A — Brorhythm Atari... O1S 
KT31J Family Finances Atri. 01s 
Page 129 

KF52G Home Filng Mngr Disk. . OIS 
BQ39N Hickory Dickory Dock. Oise 
KH42V Mailing List Cass/At .DIS 
YG48C Music Composer ........ o1Se 
Page 130 

BG92A 01S 


Stocks and Bonds ps 
Sunday Golf. a 
imewise 2 Atari 
BO4SY Pool. 


Page 131 
BO6SV Financial Manager cn. 


Page 132 


Book Keeper Ois! 
Visicalc 
Atari Mu: : 
Atari Music | Oisk 

Atari Music H Cass 


Atan Music 1 Oisk 
Euro Country & Cape 
Juggles Auinbow Cass.. 
Juggles Rainbow Disk. 
Juggles House Cass.. 


Juggles House Disk 
Kids 1 Cassette... 





ik /At 











Page 133 
Kids 2 Cassette. 
Mickey Outdoors C. 
Mickey Dutdoors Disk 
Speed Reading Cass. 
Action Cart Atari. 
Atari Wortd. 
Assembier 









Page 135 


KT30H Lago Atari....... 
KT32K =: Micrasaft BASIC II 
BO75S Pilot Educator. 









Page 136 

YGS9P = Tefelink . z olse 
YLIOH Oisassembler Cass.. olse 
KH57M Coco Cass+Disk/Atari . OS 
KH58N Coco2 Cas + Disk/Atari. 7 
Page 137 

BGO6G Tricky Tutoriai Cass ........ IS 
Page 138 


KH6GQ Advance Anim DiskW/At. 
GG248 Analog Subscription 
UGO3D Atari User Grp Mag. 


Page 139 


KH75S BBC Conflict Cass........... 
KH80B 88C Galaxy Conf. Cas. 
KH87U BBC Space Invadr Cas. 
KHsSW BBC 


Page 140 
AFS7M = Oragon 32 Computer .......... 


Page 141 


KLISP = Doodlebug Cart (32) .. 
KLI6S Countdown Cass (32) 








jlusic Proces Cas.. 








Page 143 


KL32K = Andraid Attk Cas(32) ......... 
KL33L_—s King Cass (32)....... * 
KI33N_—_Eno/Stalag Cass (32) 


Page 144 


KL42V 0 Shark Treas Cus Sy i 
BC76H Chess Cart 











Page 145 
KL490_— Selection 4 Cas (32)......... 
KL50E = Ent Dragn Cas A (32) 
KLSIF = Ent Dragn Cas 8 (32) 
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Page 146 


KL72P = Alld Ed/Assam cas 32 
KL73Q Oream Ed/Ass case: 
BC48X Computavoice — 


Page 147 
AFS6L Commodore 64 Computr 


Page 148 


KHS8C = Annihitatar Cas (64). 
KH5SSD Camel Attck Cas (64) - 
KH96E = Centrapods Cass (64)....... 
KH38G Super Cassett B (64) 
KHSSH Cycions 64 Cass (84) . 


KK62S_ Escape MCP Cass (64) 
KX63T Galaxy Conf Cas {64} 


Page 149 


KK84U_— Gridrunner Cart (64) ... 
KK6SV_ Gridrunner Cass (64) .. 
KK67X = Pekecuda Case (64). 
KKGBY Rox 64 Cass (64)... — 
KK70M Easy Scnpt dsk (64) 0.0.0.0... 


KKS2G 9 Omnicate (64) 0 ee 


Page 150 

Basic tntr Cas! (64). 
Coco 2 Cart (84) 
Forth (64)_.......... 
Machine Cdo Mon (64)... 
Sprite Edit Cas (64) 2 


Turtle Graphics (84)... ... 
8510 Assembler (64) .. 
Chemistry Cass (64)... 
Dopth Charg Cas (64) .. 
English Cass (64).......... 
Geagraphy Cess (64)... 
History Cass (64) 
Home Man Cas+ Deki). 
Labyrinth Cass (64)... 
Maths 1 Cass (64). 


Maths 2 Cass (64) 
Maze Mast Cart (6 
Paint Brush Carti64) 
Physics Cass (64)... 
Rat Race Cass (64). 


Sea Waif Cass (64} ...... 
Simons Bas Cart (64)... 
Snowmen Cass (64}...... 

Stellar Wars Cas(64) ..... 
Superbtitz Cass (64)........ 


Super Fruit Cass... 
Swordpaint Disk (as) — 
Sythesound Cart (64) 
Turtle Train Cart 64.. 
Turtle Tutor Cart 64. 


Page 152 
Cowboy/Barricade ... 
Guttang Guttong Cart 
M5 Boxing 

M5 Tennis 

M5 BASIC F 


KSOOA MS5FALC...... 
KS20W M5 Graphic Design. ~~ 
KSO8J M5 Skiing 

M5 Word Maze 
M5 Super Baseball, 


Page 153 

Arcadia Cass (SP)...... 
Astroblestr Cas (SP) 
Cent/Paint Cas (SP). 
Frenzy Cass (SP)... 
Halts Things Ces(SP)... 


Headbangers Ces (SP)... 
Air Traffic Cas (SP)... 
Maze Chase Cans (SP) ... 


Page 154 

Mined Out Cass (SP) 
Nightilite Cass (SP). 
Penetrator Cass (SP) 
Schizoids Cass (SP) 
Space Intruders Cass. 


Terrordackti! Cas SP 


Page 155 
KH30H Oungeon Master Cas¢............ 
BCas8Vv Tho Hobbit (48K) Cas. 
KH3tJ = Tracer Tril Ces (SP) 
KH32K Quest Adv Cass (SP)... 
KH41U Countries World Cass 


Page 156 

KH45Y Word Proc Cass (SP) 
KH48C  Edit/Asvem Cass (SP} 
KHSQE Spec Mach Lan Cas SP 
KHSIF Spect Mon Cass (SP). 
KHS5SK janic Miner Cas (SP) 


KMOQA Vic Abductor Cass... 
KMO1B Vic Andws Attck(+8k) 
KKI7T = Ant Eater Cart........ 


Page 157 
KMO30 Vic Arcadia Cass. 


























KMOSF Vic Catch Snatch Cas 0... DIS 
Page 158 
KMIQL Vic Games Pack Cass ols 






KK34M 
KK35Q, 
AC9OX 
BoV78 


KMI3P 
KM140 


Page 159 

KMI6S Vic Matrix Cass 
KKO4E Night Crawler Cass 
ACSIY Omega Race Cartrid: 


VIC Games Pack 1 
VIC Games Pack 2 
Gorf Cartridge - 
VIC Hoppa 


Vic Inovative Cas. 2. 
Vic Inovative Ces. 3 


















KKI6S = Princess & Frog Curt... ois, 
Page 160 

KKS9P VIC Sub Commander os 
KKO18 = Skrambie Cass... dise 
KM22Y Vic Sky Hawk Cass... OIS 
KKO6G Space Phreeks Cass ols 
Page 161 

AC60Q VIC Star Battle... esas 
KMS3H VIC Tank Arcade Cass... 


KMosK 
KM260 
AC7SL 


KK6IR 
AC86T 


Page 162 

AC87U_ «VIC Mission |mpossbi 
ACS4F VIC Pirate Cove 
AC8SW VIC The Count........ 
KM27E Vic Wiz & Princes Cas 


Vic Skramble Cass ........ 
Vic Wacky Waits Cass 
VIC Panic 


ViC War Games ......_. 
VIC Adveniuretand 








Page 163 

AC&8V_ ViC Voodoo Casile olse 
KM29G Vic Camels Cart - OS 
BC52G VIC Casmic Jailbreak ois 
KM312 Vic Kindercomp Cart .oIS 
«M3SQ Vic Necramancer Cart. DIS 
KM36P Vic Pharoah Cart .DIS 
KM37S Vic Sime Cart - BIS 
KM38R Vic Story Machine iS 
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BUTYU 
Bcisv 
KK18U 
BCsiF 
BCo7F 
ACTIN 


Page 164 


KKO7H Chess [+ 16K) Cass 
BCI6S VIC Money Manager. 


Page 165 


Garden Planner.. 
Interior Designer 
Typo Cart... 

VIC Pinball... 
Muhisound Synth Cas 
VIC Sargon II Chess . 











ACS7F VIC Writer Cassette _... DISe 
KK260 VIC Word Processor... DiSe 
BCS8G Jnr Maths: Birds Cas. OiSe 





Page 166 


BCssH Jnr Maths:Engine Cos 
KKOOA Jnr Maths:Lghtho Ca: 
KMS51F Words Wards Cass 


Page 167 


AC58N Intro To Basic Part? _.......... 
KK28F VIC Machine Code Mon... 
ACS6L Machine Code Mon ........ 


Page 168 


BK9SD Data Cassette 
AF3I8A Epson RX80 


CONNECTORS 


Page 169 
HF23A, Atrastaggin Black... 
















.19p (Ge 








































HF260 Charger Ci % dp (Fle 
Y¥X47B ©Comcon Beck 5-way (F) 
YX48C — Comcon Terminal... “ ae Hje 
HFO2C Terminal Post Slack. ‘ap (Fhe 
HFO3D «= Termina! Post Biue.... -45p (Foe 
HFOSE Tarmina! Post Brown 45p (Fe 
HFOSF = Terminal Post Green... 45p (F. 
HFO7H = Terminal Post Red............... 45p (F 
HFOSK = Terminal Post Yellow 45p (F)@ 
HFISP) = Press Terminul Black ....... wp (F) 
HFISR = Prass Terminal Greon 34p (F) 
HFI6S Press Terminal Red............. 4p (F) 
HFI7T = Press Terminal White .. OS {F) 
HFI8U ~~ Press Terminal Yellw........... 39p (Fie 
Page 170 
Imm Plug Black . .o24p (Ge 
Imm Plug Red... 3 “ {G)e 
2mm Socket Groen... oo. DIS (G) 
2mm Socket Yellow . wn 189 (G)e@ 
Wander Plug Yellow......... . DIS {G) 
Wander Socket Black 16p (G) 
Wander Socket Blue.............. 16p (G) 
Wender Socket Green. 16p (G} 
Wender Socket Red..... (G) 
Wander Socket Yellow O1S (G) 
4mm Plug Black ...18p (Ge 
4mm Plug Blua. .18p (G)e 
4mm Plug Brown . (8p (Ghe 
4mm Plug Green . 18p (G)e 
4mm Plug Red.............. 18p (Gje 
4mm Plug White — lap (Gje 
4mm Plug Yellow ..........0..18p (G)@ 
4mm Socket Blue .... -» 189 (1G 
4mm Socket Brown -18p (G) 
4mm Socket Green...............189 (Ge 
4mm Socket Red. Vip (Gye 
4mm Socket White .. 18p (Gje 
4mm Socket Yellow ... 18p (G)e 
Scr Phono ». 199 (G)e 
6G Threaded Phono Skt.......... 18p (Ge 
Page 171 
BW74R Phono Socket Quad 42p (F)e 












































BW76H Phono Socket 6-way 58p (Ere 
HHOSF Phono Conn. 
HF775 = 2.5 Plug Scr 
HF78K = 2.5 Jacl 
HF80B Plug Plas 3.5 
HFBIC «Plug Scr 35 
HF820 Jack Socket 3 
HF83E Line Sockot Plas 3.5 16p (Ghe 
RKSIF Stereo Plas 35 Skt... - 88p (Fle 
HF85G = Jack Plug Plas w-24p (G)e 
HF87U = Jeck Plug Scr 459 (Fle 
Page 172 
HF88V Jack Pi Sto Plas... 
HFaaW Jack PI Sta Scr....... 
HF9OX = Jack Skt Brk 4p { 
HFSTY Jeck Skt Open 22p (G)e 
HF92A Jack Skt Sto .... 28p (Fie 
HFS3B Stereo Open Skt... 
BW80B OPOT Jack Sccket. 
Page 173 
YWo8) Co-ax Plug Imp. 
HHI7T BNC Plug... 
HHi8U BNC Socket... 
YWO30 BNC T Adaptor z 
Bwalc Plug PL259........ -65p (E}@ 
Page 174 
BWesF UHF Socket Round... 3p (Fle 
BwesG Socket $0239. 
YWO4E Adaptor 239 
YWOSF Adaptor 259. oe 
YXS3H Audio Conn 4-way 
YX54J Audio Conn 5-way - £1.95 (O}e@ 
Page 175 
10 Way Line Skt... .---. £2.98 (C) 
10 Way Line Plug .. £3.95 [Che 
10 Way Chassis Skt . £1.95 (Die 
XLR Chassis Socket £2 95 (C 
DIN Plug 4-pin .22p (Fie 
HH27E DIN Plug 5-pin A... .. 189 (G) 
HH23G DIN Plug 6-pin............. .. 22p (Fle 
HH32K DIN Socket 3-pin _... 4p (Ge 
HH37S DIN Socket 7-pin ... 379 (G) 
Page 176 
HH40T OIN Line Skt 2-pin _..... -12p (Ge 
YX90X PC OIN Ski 2-pin 
YXSTY PC DIN Skt 5-pin A... 
BKS5SSN O-Range 15-Way Piug 
AXGIR O-Range 9 Way Skt 
BKSSP O-Range 15-Way Skt .. 
FG26D RAOD-Rnge 15-Way Skt 
FG27E RA O-Roge 25-Way Skt 
FG67X RAD Range 15 Wy Pig "£1.95 (D)e 
FGE8Y AAO Range 25 Wy Pig..... £2.95 (Cle 
YOSIF O-Renge 25-Way Latch... 4p (Fie 
Page 177 
wa140 PCB Coons 45 . 8p (Hie 
RK35Q «PC Edgeconn 2x23- -way £2.20 (C 
FG23A 0.1in 2x28 PC Edgcon £1.95{ 
BK7AR 2x12 Way PC Edgecon... ..£2.20 (Che 
FigsG €dgeConn!24.. . £1.62 (Die 
FLSTY Edge Conn FeetG .. 22p (Gie 
FiszA4 Edge Conn Feet H . 22p (Gle 
YA58N €dge Conn End Bkt .33p (Fle 
Page 178 
YX36P = Multiean Plug 15-way 58p (Fe 
YX37S = Multicon Plug 24-way . 89n (Ee 
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Y<GR = Multicen Plug 38-way £1.20 (Eje 
YX33N  Multicon Skt 2-way . 23p (G} 
YX40T = Multican Skt 4-way ne (G) 
HLOIB = Octai Ch Plug... (€) 
AK65¥V_ Minscon Latch Pi 2w 

YWriM Minicon Latch Pl 4w 

FYS3B 9 Minicon Latch PI Sw. 

YW12N  Minicon Latch Plow 

YW13P  Minicon Latch PI &w . 

RKE6W = Minican Latch PI 10w 

BHEIR Minicon Latch PI 17w 

Page 179 


YWISR RA Lch Minicn P! gw... 
FystY RA Lch Minicn Pl 4w. 
RK67?X RALCh Minicn Pl Sw... 
FB99H_ = RALch Minicn Pi 6w.... 
YWISU RALCh Minicn Pl aw. 


RA Lch Minicn Pi tOw 
Mncn Lich Hsng I 2wuy. 
Mnen Ltch Hsng I7way. 
Minicon Skt 6-way .. 
Minican Skt 12-way 
tOC Can 8-way 
iDC Con 12-way 
(DC Insertion Too! 
2x@ dil IDC socket....... 
2x10 dil IDC Sacket. 


2x13 dil IOC Socket 
2x17 dil JOC Sacket 
2x20 dil IDC Sacket 


Page 180 
HLO6G Wafercon Plug 6-pin. 
HLO7ZH = Waelercon Plug 6-pin. 
HLO8J = Wafercon Plug 12-pin 
HLI3P 0 Weafercon Skt 12-way 
RK39A = -8-Way PC Terminal 


YY22Y C@ Pin Blue......... 
YY260 CT Pin White .. 
WAIT0L Lerge Patch Plug .... 


Page 181 

HH38A Universal Plug............. 
HH6AQ Std Power Plug 2.1. 
HH63T Long Pwr Plug 2.5. 


Page 182 

Cas Lead Sharp. 
Cus Lead Sony 
Euraboard 4-way 
Euroboard 6 war 
Mains Socket PX 


Page 183 
HU27E Mains Plug SA2190__......... 58 
HL30H = Mains Plug SA2019A . -£1.64 (0) 
HL34M > = Moins Socket SA2368 
HL36P Mains Plug P635......... 


Page 184 
Mains Plug P5651 .... 
Mains Socket P552 
Sleeve 8037....... 
Line Jack Unit. 
PTC Line Cord. 


Video Lead 1... 


Page 185 


FG18U =Camputer Hope 1 
RK87U Video Lead 5... 


Page 186 
Adaptor B 
Adaptor W..... 
Adaptor H ..., 
Adaptor D ... 
Adaptor Jono... 
Adaptor T 
Adaptor F. 
Adaptor K. 
Adaptar Y .. 
Oinpak N 


Oinpak B.. 


Page 187 


RW22Y Dinpek J... . 
RW23A_ Dinpak K... 


79p (E} 
-ET20(E)e 








£1.24 (D)@ 
£1.62 (Cje 
(£2.24 (Cle 
£2.42 (Cle 








.22p (Ge 
























£1.95 (Ble 
£2.66 (Cj 














. 39p (Fie 
96p (D)e 












































AW18U Dinpak E.. 86p (E) 

AW17T Dinpak 0 .. 68 (De 

FW20W Dinpak G .. 1.68 (Dje 

AW4SD Dinpak 280....... a ots (D) 

AK58N  Plugoek Y... 2 £1.84 (D)@ 

ELECTRICAL 

Page 188 

AW6E7X 13 Amp Plug Nyion, vo 69p (E)@ 

HL6IR Flex Connector. £1.72 (Dje@ 

Page 189 

HL62S Mains Adaptor 2-way 

HL63T = =Mains Adaptor 3-way 

HL64U) - Shuver Adaptor....... 

HL67X Junction Bax RM... 

HL6BY Single Skt Unswtched 

HL72P Double Sw Socket... 

HL730 Trailing Skt Single 

HL74R— Trailing Obla Skt... 

HL78K = Shaver Skt Isolated 

Page 190 

HL83E = Switched Flex Outlet 

HL86f = Blanking Plate 

HL87U 204A Plateswitch..... 

HL88Y = 20A Water Htr Switc'! 

HL8SW Light Sweh ST Single 

HLSTY Light Swch Dual... 

FQI5R Security Oimmer......... y 

FOIGS Auto Security Switch ...... .£17.98 (A) 

YBOSK Fl Pattress 16mm Sgl...............99p (E} 

YB10L Fl Pattress 25mm Sg... ... 799 {E) 

Page 191 

YB14Q = Sur Patt 20mm Sngl...............,.84 (E) 

YBI6S Sur Patt 23mm Dbie.. £1.84 (D} 

YB8I7T «Sur Pant 47mm Dble £2.98 (C) 

YBI8U Conversion Pattress ... -- £2.82 (C) 

FOOCA Ceiling Switch t-way. ...... £294 (C) 

Faoz€ Lampholder 702 S S2p (E) 

FQO5F Ceiling Rose.. ip (Dje@ 
WYBISV Time Switch. eee. E TA 95 (Ale 

Page 192 

WY23A Timetouch ..... £34.95 (Aye 

HARDWARE 

Page 193 

BFOOA Boit 2BA 1/2in. 62p (Fie 

BFO5F Bolt GBA 1/4in. 

BFOSG Bolt 6BA 1/2in - 

BFOS) Bait 8BA 1/4:n 

BFOSK Bolt BBA 1/2in. 59p (Fle 

LROOA = CrS Screw BBA 1/2in 39p (F)@ 

BFI4Q Panel Screw .. 

LR7SS C/S Pane! Screw = 

BF31J Pozi Screw M5 12mm .. 298 (Fle 

LRS58N Pozi Screw M3 40mm . 65a (Fle 
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BF39N Pozi Screw M2.5 6mm. 
BF&0T Pozi Screw M25 12m: 


Page 194 
BF48C  isoboll M4 6mm ...... 
BFA9D = Isobott M4 12mm - 
BF53H_ = tsobolt M3 25mm... 
BFS5SK = Isabolt M25 12mm . 
BF61A ~ Isowesher M: 


BF8IC Ny! Nut 8BA.. 


Page 195 

Studding 28A 
4BA Spacer 1/8in 
4BA Spacer 1/4) 
4BA Spacer 1/2i 
6BA Spacer 1/8in__. 
6BA Spacer 1/4in 
BBA Spacer 1/4in. 
M4 Spacer 1/2. 
Thrded Spcr 6BA 
Standoff Long... 


Page 196 
LOI2N Sealing Suip...... 

LHI3P Aly Sheet 16 swg 
GTI PCB Guides... 


HEATHKIT 


Pege 199 
HK61R HW-5400 Syn HF Xevr.......... 
HKB2S HWA-5400-1 PSU/CIk ...- 
HK63T HVWA-5400-3 Keypad. .. 
HKBEW HWA-5400-2 Filter... 
HK73Q HD-1418 Active Fittr 


Page 200 

HK43W HW-B ORP Xevr........... 
THK44X HWA-7-1 Power Supply 

HK248 HN-31A Cantenna Load. 

HK25C HD-1234 Antenna Sw...... 

HK74R ~=HM-9 HF/VHF Waltmete 


HK75S HFT-9 5OW Tuner.......... 


Page 201 
HK22Y HD-3416 Morse Cd Dsc. 
HK76H HM-2140A Dual Wattmt. 
HK77J PS-2450 Power Unit... 
HK23A HD-1250 Dip Meter... 


26p {G)e 
24p (G) 
















«.-68p (Eje 
~42p {Fe 


















Page 202 
HK78K HD-8999 Pro CW Keybd. 249.950 
HK41U SA-501D uMatic Kayer £129.95@ 
HK79L PS-5024 Power Supp! £25. 95@ 
HK30H CO-2600 Ign Analyser £749.95¢ 
Page 203 


HK31J — Cl-1080 Exhst Aniys 

HK29G  CI-2065 ya Bee 
HKOIB = GC-1107 Dig Atarm Cl... 
HK40T GC-1720 Wail Clock... 


Page 204 
HK80B NE-2112 Heal Sniffer............. 
HKO2C =GD-49 Ultra Intruder. 
HK7T1N GD-1701 Flood Alarm. 


Page 205 

Et-3133 Solderng Crs 
EB-1D10 Elect Dctary 
EE-3140 Hobby Elect... 
EE-3100 Basic Eltrty ........ 
HKOSF EE-3101A DC Ect Crs ..... 


Pege 206 

HKO6G EE-3102A AC Ect Crs... 
HKO7H EE-3103A Semi Dv Crs........... 
HKOBJ EE-3104A Elect Crs... 


Page 207 

HKQSK EE-3105A Tst Eqp Crs 

Hka2V  £E-3106 Elct Com Crs 

HKIOL ET-31008 Exp Trainer............. 
*HKIIM ETW-31008 Assembied........ 


Page 208 

HK8IC EE-1001 Passive Crs... 

HKB2D EE-1002 Transtr Crs... 

HKB3E — ET-1000 Eng Trainor ..... 
WHKBAF =ETW-1000 Assembied 


Page 209 

HK48C = EH-70) Lineer Course 
HKaSD  EH-702 TTL/CMOS Crs 
HK92A EE-4201 Fibre Op Crs 
HKI2ZN  EE-3201 ou Tach Crs...... 
HK64U EE-3202 CMOS Tch Crs 


Page 210 

HKISP  ET-3200B Dig Trainer... 
w®HK14Q» ETW-3200B Assembied .. 

HK15A EE-3401 Micro Course.. 


Page 211 

HKIGS EE-3402 Inirfeng Crs... 

HKI7T EE-3404 Adv Mic Crs 

HK65V EE-3403 Synth Course 

HKiaU 
wHKISV 


Page 212 
wHK46A = ETA-3400 Accessory... 
WHKSTY = EWA-3400 Assembjed 
*HK47B  ETA-3400-1 Chip Set 

HK@SG = EE-8086 16-Bit Cours .. 








ee 35@ 


























Page 213 
HK@6T €T-100E 16-Bit Trar -£1249.95@ 
HK87U =ETA-100A 16-Bit Accy + £1399.95 





*®HKESY EWA-100A Assembled £1799.95¢ 





HK97F 2-205-1 64K RAM Kit. DIS 
HK20W €TS-16 Hero 3 Robot... ..£1349.95¢ 
Page 214 

HK89W ET-18-4 Hero Dem ROM £54. 950 





HKSOX ET-18-5 Mon ROM List 5 NVe 





HMI0L EB-1020 Computr Dict Dise 
Page 215 
HMo8J EC-1100 Learn BASIC .... £49.95 NVe 


HMOSK EC-1110 M-soft BASIC. £79.55 NVe 


HMO07H EC-1120 CP/M 80Crs £99.95 NVe 
HMO6G EC-1108 Ass Lng Crs _..... £44.95 NVe@ 
Page 216 

HMIIM EB-6140C of E Text......... £24.95 NVe 
HM12N €B-6140-40 CE Wkbk... £11.95 NVe 
HMI3P £86140-50 C E Instr. £10.75 NVe 
HM14Q £8-6140-30 C E Parts poe £20.95 
HM16S EB-6101DC Elec Text. £20.95NVe 
HM17T EB-6101-40 DC Wkbk... £12. 95NVe 
HMI8U EB6101-50 DC Instr... £10 75 NVe 
HM19V £8-6101-30 DC Parts . . £25 350 
HM22Y E£B-6102 AC Elec Text... £2055 NVe 
HM23A EB-6102-40 AC Wkbk.... £1295NVe 
HM248 £86102-50 AC instr £10.75 NVe 
HM25C E8-6102-30AC Pants  . £17.95 NV 
HM28F EB-6103 Semicnd Text £20.95 NVe 
HM29G E8-6103-40 Semi Wkbk £1295 NVe 


HM30H 


June 1984 Maplin Magazine 


£B6103-50 Sem instr _. £1B.75NVe 




































































































































1984 VAT 1984 VAT 
Catalogue inclusive Catalogue inclusive 
Page No. Price Page No. Price 
Mar EB ons se Semi Part Pege 236 
M34M EB-6104 Elc Cir Text AF60Q Graphic Eqlizr GE206....... £69.95 (Ale 
HM35Q EB-6104-40 Elec Wk! AFZ7E GE1305 Equaliser ... -DIS (A) 
HMg6P £B6104-50 Elec Instr AFS9P Graphic Eg. GESO9 wa... DIS (A) 
HM375_ EB-6104-30 Elec Part. £34.95 LB66W Mini-Phaser £26.95 (A) 
HM40T £8-6105 Test Eq Text.....£2095NVe  XB41U Fuzz-Wah Pedal... DIS (A) 
HM4iU EB-6105-40 Test Wkbk.... £12.95 NVe 
HM42V EB6105-50 Test instr 7ENVe Page 237 
HM43W E85-6105-30 Test Part... 
HM45A EB-6105 Commun Text... £18.95 NVe ane BBD Een Ete sETRDD yy 
HM47B EB 6108 pcconun Wkbk fo sone . : 
HM48C EB6106-50 Comm Instr... £1 ‘e 
HM49D E8-6106-30 Comm Pen......£34.95 Page 238 
HM52G £8-6201 Digital Text : Y842V Steel Mag Pick-up......... £10.95 (Be 
HMB3H £B-6201-40 Digi Wkbk....£1395NVe YLO7H Pickup Switch. £3.62 (C) 
HMs4 EB6201-50 Digi Instr... 1075 NVe LSebas) Guilerstengs Stel £215 {0} 
HMS5SK EB-6201-30 Digi Part £34. 
HMS56L EB-6401 Micro Text. OPTO-ELECTRICAL 
HM57M EB-6401-40 Micro Wbk £12.95 NV Pege 239 
HME5BN EB8401-50 Micro Inst... £10.75 NV® — pyeet wes Batten Hidr-.. 23p (6) 
HMS9P EB-6401-30 Micro Prt... RX67X_Fit-Tp LES Lhldr Blu... 45p (Fle 
HM6IR EB-6402 Intluce Text RX68Y —Fit-Tp LES Lhidr Grn............ 45p (Fle 
HMS2S EB-6402-40 intf Wkbk. E RX69A_ Fit-Tp LES Lhidr Red... 45p (Fle 
HM63T £86402-50 intf Instr........£30.75NV®  FFGEW Fluted Lhidr Amber... ... 34p (FI 
HMe4U EB-6402-30 int Part £6895 preg ried Lnide Red 34p (F) 
HM66W EB-8404 Adv MP Text... £23.95NV@  8K52G Min Neon Red - 
HMB68Y £86404-50 Adv instr £10.75NV®  BK53H Min Neon Green... 
HM6SA EB-6404-30 Adv Parts BKS4J Min Neon Amber .. 
HM67X £B-8088 16-Bit Text. RX82D Pan Neon Amber 36p (Fe 
HM773 £B8088-40 16-Bit Wbk...£1395NV® pyaar pan Neon Red . 36p (Fe 
HM78K £88088-50 16-Bit Ins........£10.75 NVe 8K5IF Pan Neon Green... ..44p [Fhe 
HM78L_ EB-8088-30 16-Bit Pr £69.95 
HMBIC EB8-1801 Robotic Text... £2995NV®  Pege 240 
HMB2D £B1801-40 Robot Wkbk £16.95 NVe 
HMB3E £51801-50 Robot Inst...... £10.75 NVe VASES sae MES 6V O6W........ ce hes 
HM84F EB-1801-30 Robot Prt............ £54.95 ro semis 
HM7IN EB-6100 BASIC Text.....£2095NVe po, o44 
HM72P E85100-40 BASIC Wkbk £12.95 NVe ‘ege 
HM730 £B6100-50 BASIC inst....£10.75 Ve  YY40T_ LED Clip....... 4p {He 
HM74R E8-6108 Ass Lan Text . aoe ONS| Geode mauere FED pee e i sae 
YHE9t quare LI Treen 39p (Fhe 
HM75S EB6108-40 Lnguge Wok.......DIS_ yeep Ste 
F pe LED R} Drange............. 2p F) 
HM76H £86108-50 Ass instr 000000.......DIS Yyage  Shepe LED Ri Yellow. 22p {FD 
YY52G Shape LED S3 Green..............22p (F) 
Page 218 : YY53H Shape LED S3 Yellow.......... 22p (F) 
HKSgE Z-207-3 Disk Drive. £459.95 ° 
HK98G Z-219-1 Colour 2.950 
HMOOA Z-205 256K RAM... fesggse Page 242 
YY5SP Chrome LED Small cs 5S (FPO 
QY46A Chrome LED SmallGn ........58p (Ee 
Page 219 ; QY478 Chrome LED Large Gn... 5p (E)@ 
HMO18 HS-207-41 Dne Drive i 1BKO3D Verttsocket Type t........... £1.26 (D)e 
HMO02C HS-207-42 Two Drive . . BKO4E Vertisocket Type 2.... «£2 62 (C) 
HMOae 3217 Winchester Di 
~ inchester Dr. . Page 244 
HM87U HSS-100- Pack cas. .eses .35e@ 
BTU HSS=100-1 SOM Pack mma SO8 O° vvEaT Quad Opto-Isolator nu.n.£3.02 (Che 
Page 220 2 245 
HK27E 1G-5248 Audio Genntr.......£17995¢ P89 
HKS2G_IN-3117 Resisinc Box.........£79.95e  YYS6W Infra-Red Sensor 2. 92 [Fe 
HKS50E 1M-5258 Distrtn Aniy. -£299.95¢ 71N Photodiode TIL100... £1.95 (Dye 
HK26D 1G-5280 AF Oscilltr 0... £64,950 
Page 246 
ae nats eC eas 
HK34M 18-5281 RCL Bridge...............£64.95 : 
HK28F 1T-2250 Capactnc Mtr......£199.95e TRKZ2" Solar Panel 6V.. SIC) 
HK93B IMA-100-10 DC Probe Basaul (Loceioaee “£1 38 (D) 
HK54J1M-2410 Freq Counter... £159.95@ mes 
Page 222 ORGAN COMPONENTS 
HKS5K 1M-2400 Hand-Freq Ct. ...... £169.95 Feu 250 5 ii mifeeral 
HK67X PS2405 Hand-Freq PSU figg5e Fe Lona pring lio ean - 954 ie 
HK94C  SMA-2400-1 Antenna...........£15.950 XBI7T Mid Kbd 43-Note C-C ... £19.95 (Ajo 
HK53H_~ |P-2718 Tri-Otpt PSU....-.....£139.95e  X813P KB Mounting Strip... von. Ap AF) 
Page 223 rear. 251 ne 
HK9SD 16-4244 Dsc Celibrir..........£189.95@  %B14Q Keyboard 48-Note. 
* a XBS4C Contact Block 1WG 
HK35Q IP-2728 Low-Volt PSU ..........£59.95¢ ayorH Contact Springs 33 (y 
Page 224 0! ire, ’ eo 
Mesh, WBtmanwap creeps Page 258 
1 ind Spd Ini ° 
HKI2P 1D. 1990 Digi Baromtr. £129.90 XB21X_ Piano Pedal £12 45 [Ale 
THK: 1 OME nee 159. 
59! ID-2030E Digi-Barom' Page 255 
KNOBS XY28F Remote Foot Contro!.......£13.95 (A)e 
Bageezs PANEL METERS 
RW75S Knob BKI2.......... 22p (Ge 
RX9SH Knob RNG: 3p (Fe = Pege 256 
HB24B_ Knob K2.. -45p(F)® 0478 Dual VU Meter... £3.75 (Che 
RW8SW Knob M2 -32p{Fi@  AKIOL Quick-Fit Meter 5mA...... TEMP (C)e 
RW30X Knob M3... 2ep (Fle = RKI2N Quick-Fit Meter 50mA, DIS (€) 
RXOOA Knob M4.... 49p {Fie 
Page 257 
Page 226 RWS4C Zin. Pan Meter ImA... £6.98 (8) 
WRAL GASP KAA nrconemen OBO El PANERA ae 
oe wom pen pata 90 (E}$ RXS3L_ Zin. Pan Meter 100mA.......£8 64 (8) 
HB38R Knob K30.... DIS (E}e  RX34M_ 2in. Pan Meter SoomA..... ere 
HB41U Knob K46... .-DIS(D}e — RX36P 2in Pan Meter 50V (8) 
ee ie een 
Page 227 RX! 2in, Pan Meter ‘VU’... e 
= B 
WL52G 15mm Collet Bate Btu. BIS iw RX54J ~~ Large Panel Meter £8.95 (B)e 
WLS3H 15mm Coltet Pntr Grn 
YG40T Low-Cost Collet Knob . 33p (F) PCB EQUIPMENT 
: Page 258 
tin T Beth 
QY02C LC Cap Green Spin) © Eaze epee ere ee ere 
QYO3D LC Cup Grey .. Sp IH) FLO7H =~ Vero 10345... £1.32 (D)e 
Pee eee = BpiH) FLOR) Vero 10346... £1.05 {E) 
Beem earaice ae HH FLOSK = Vero 10347 2 eee oad £1.62(D)° 
ap Yellow o.oo BP 
YGD9K Slide Knob B.. m2iptG) ince ve ouccieaaale Aa 
YGIOL Slide Knob C Black DIS(Ge — FL95C Tool 2022 
RX28G  Spindte Coupter ........... -95p(E© ELzeD Teal 2150. 
FL27E Too! 2151 £2.72 (Cle 
Pege 228 FL2OW Pin 2140. 72p (E)e 
RX38R_ Nylon Rod., .32p (Ge FL21X Pin 2341 72p (Ee 
RX43W Cord Drum Smuii... .SBp{E}@ FL23A Pin 2144 ..68p {E)e 
RX39N Vernier Diul Small ~=. £2.95 (Che 
HB46A White Pointer........ .. 44p (FI 
HB47B Ball Drive Pointer .6Bp (E} kip a sce eta tb esta 
FLBIC Pin 1857 Pk of 10 28p (Fe 
MICROPHONES BKOKC Varowire Kit. 9560 
Page 229 HY16S Verawire Pen ... 4.66 (B) 
, HY17T Verowire Spool £1.05 (E) 
YB33L__ Elactret Cssette Mic... .........£2.62 (C) FYSSL. sVerowire Comb . 10p te 
YLIIM Vero Piugblock 5.45 (C)e 
Pege 231 HQ84F Verobioc Bracket. ..79p (E}e 
L869A Tie-Clip Mic owe £7.24(B)@ — BK62S_ Engineer Design Sht .75p (Ejo 
YKG3T = Electrai Mic ECM1066 .. £10.45 (B)e 
Pege 260 
Page 232 XB43W Seno Etch System. £8.60 (8) 
YK64U = Electret Mic ECM1067_....£12.95 [Ajo 
YK65V_ Professional Mic 1 £1995(A)e Page 261 
YK68W Professional Mic 2 ........£25.95(A)e 
Weeos Season "EpesiAl | Wxze | PCB Pen Figs le 
teak a a 
pas $5 (Ale HXOOA PCB SABE Sm Single 65p (Fe 
WF39N PCB SRBP Lrg Single 62 (Die 
Page 233 ia HXOIB PCBF.Glass SmSngl . £1.20 (E}e 
Peat Sciben 5's --£6.95 (B}e = WwraoT PCB FGiass Med Sngl £1.95 (D)® 
Coes Die Mic UIs: Digelals WESIU PCBFGlass Lra Sngl.. £295 (Che 
BKOZE FM Mic Adaptor, ‘foaas{aye WPA2V PCB F Glass Med Dbie. £1.95 (D)e 
LB35Q Mic Windshield $5 (Fle Page 262 
YW7GH Extra Hgt Mic Stond £7.95 (B® vase potich Block. £160(D)° 
XB90X_Fixtcuit £3.80 (B) 
MUSICAL EFFECTS BW248 Track Tape 62. £3.62 (Dje 
Page 235 8W26D Track Tape 100 £762 (Die 
*YB33N  Pre-Amp CS5._. £843 (Bye  BW30H Pad 075 -£195 (Die 
YKSSK Stereo Mixer MM2 £1295(Aj@ BW33L Pad 150... -£1.55 (Dje 
XB29G Stereo Mixer. DIS{A) *BW40T IC Pads 200 £6.45 (Ble 


























1984 VAT 
Catalogue Inclusive 
Page No. Price 
Page 263 

BW41U Drafting Template. ..- £1.30 (E}o 
PROJECTS 

Page 267 

BHE4U) Minicen PI 17way ..  73p {F} 
Page 269 

BY87U Synth Preset Mtg 8d............ 79p [Ele 
Pege 270 

BB43W Synth Trns Gen 1 PCB. 

BY81C Synth Trns Rept PCB. 

8B38R Synth Oscillator PCI 

BB48C Synth Ext /P’s PCB 64{D) 
BB65V 3500 VCF PCB......... -£2.95 (Che 
BFS5D Joylever PCB... = £3.10-{E} 
LW53H 5600S Synth Kit £689.95 (Ae 
Page 271 

BB47B Synth Dtpt Stge PCB.............£6.86 (B) 
Page 272 

LW656W Sequencer Kit. £99.95 (A) 
Page 273 


GA3I6P Spectrum VCO PCB... 
GA57M Spectrum VCF PCB... 


£7.32 (Che 
£4.62 (Che 












Page 274 

BY78K Piano PSU/Voice PCB....... £4.95 (C)e 
BY80B Piano Two-Oct PCB. £7.20 (B)= 
GA32K Hexedrum PCB. £2.72 (Che 


LW85G 
LWea6T 


Pege 275 


LW67U = Synwave Ki 
LKISR Synchime Ki 


Page 276 


LW8BY Volume Pedal Ki 
LWS90X = Gultar Tuner Kit. 


Pege 277 


LWS!Y Harmony Gen Kit 
LW92A Combo-Amp Kit... 


Pege 278 


GA78K Stereo Amp Sw PCB... 
LW71N 25W Stereo Amp Kit... 


Page 279 


RK36P = Switch Panel... 
LW77J Amp Remote Cntri K 


Page 280 


TXH48C —-MES33 
LRI3P- HO Mixer PCB No.2. 


Page 281 
LR34M HQ Mixer PCB No.24 .. 
LAYBS HO Mixer PCB No.5 

LA35Q HQ Mixer PCB No.25 
LR21X HO Mixer PCB No.6 
LR22y. HO Mixer PCB No.7? 


Pege 282 


HO Mixer PCB No.8 
HO Mixer PCB No. 
HO Mixer PCB No 
HQ Mixer PCB No 
HQ Mixer PCB No.1 


Page 283 


YQisy LM390 Amp PCB .. 
BY730 BW Amp PCB .. 


Page 284 


YO43W 15W Amp Kit........ 
YO20w 20W Amp PCB 


Page 286 


HO6BY SOW Hi-Fi PCB 
LW350 50W Amp Kit. 


Hexadrum Kit £19.95 (A) 


Syntom Kit... 








.. 46p (F}@ 
£59.95 (A) 








£1.65 (D)e 
£29.95 (A) 




















GAZBF 75W MOSFET Amp PCB ...£1.99 (D)e 
LWS1F 75W MOSFET ae Kit..... £13.95 (Ale 
Page 288 

LW32K 150W Power Amp Kit ......£21.95 (Ale 
Page 291 

XB75S 10-Chi Eqitsr Wwrk....... £9.98 {B) 
Page 292 

GA30H Compander PCB................. £3.36 (Ce 
GAaIW Noise Gate PCB. v1 42 (D)@ 
GB13P Tb! Sertch Fitr PCB. £2.32 (Che 





Page 293 
X¥26D Heatsink Mtg Plate... 

BBBIC Disco Pre-Amp Tn PCB 
BBISV Disco PSU PCB 
BB20W 150W Amp Board 
BB826D Motor Switch PC! 


BB27E Light Mod Bd... 
8B24B Disco Fader Bd... 
XB37S Sound To Light Case... 


Page 294 


LW93B  Partylite Kit. 
LW6SV Stopwatch Ki 
YO21X Snd/Light Co 


Page 295 









£14.20 (A) 


£9.95 (Ble 
£42.95 (Ajo 
--.£2.98 (C) 















GA62S_ Timer Switch Board...........£3.95 (Che 
LW34C Universe! Timer Kit......... £47.95 (Ale 
Page 296 

GBO4E ELC.Board....... £6.45 (Ce 
LW82D Digi-Tel Mein Kit ... £99.95 (A) 
GA4SY = Burglr Alrm Main PCB ......£7.45 (Bye 
GASSA_ Break Contect PCB £1.95 (D)= 
LW57M_ Burglar Alarm Kit. -£49.95 1A) 
LWS5SP Brewsk Contact Kit £2.85 (C) 





LW58N Ext Horn Kit ............ 


Page 297 
LW73Q RTX3 Doppler Kit......... 
LW74R Radar Ch/PSU Module. 
LW83E Usonic Xceiver Ki 


£37.50 (A) 





£47 AD (Abe 
£14.95 (A) 
-£10.95 (A) 














LWB4F Usonic Interface Kit £2,595 (Coe 
Page 298 
LWS7F Panic Button Kit. __... -£3.95 (Cpe 
LWS8G  Progrmble Timer Kit _........£6.95(B)@ 
Page 299 
YQ45Y Magnum 2 PCB +++ £3.32 (C} 
Page 300 
LW61R Train Common/PSU Kit. £29.95 (A) 
LW62S_ Train Control Kit -£7.50 (B) 
LWS3H Modem Kit £44,935 (A) 
Page 301 
LKI2N  Drgn/RS232 inte Kit_....£14.95 (Ale 
LKIBU Dragon I/D Port... £14.95 {Ajo 





































1984 VAT 
Catalogue inclusive 
Page No. Price 
Page 302 

LKOOA VIC _ 20 Talkback Kil. - £22.95 (A) 
Pege 303 

LW72P 2X8) Keyboard Kit... £23.95 (A) 
XG22Y =ZX81 Keyboard £32.50 (A) 
GAgDX 10 Port PCB 2 26 [Die 
LW76H ZXB1 \/D Po! 10.49 (Be 
GBO8J = 2X8) Extendiboard £2 40 (C} 
Page 304 

LWS6E Sound Generator Kit... £13.49 (Ale 
GBISU ZX6} Talkback PCB. £3.20 (Che 
LKOIB = ZX61 Talkbeck Kit £19.95 [A)e 
Pege 305 

LKOaJ 2X81 Modem Intice Kt. .£29.95 [Ajo 
LK21X  Spetrm/RS232 intt kt.......£19.95 (Ale 
BBZBF RC Coder PCB 

BB31J AC Interface PCB 

BB32K AC Decoder PCB. 

8835Q AC Servo Amp PCB. 

YQOsF 4 McM Rew Dedr PCB . 

YQ07H = McM Transmitter PCB. 

Page 306 

LKOSF D‘Xers Processor Kit +n £9 85 {A} 
LKO7H = Enlarger Timer Kit. £34 951A} 


Page 308 
LW78K Cer Burgir Alarm Kit 









































LW67X MPG Meter Kit... £54.95 (Ale 
Page 309 
GBO3D Freq Ctr Display PCB... £2 20 (D} 
BB72P Sine/Square Gen PCB...,..£3.62 (C)e 
Page 310 
LK1OL «CMDS Xtat Clbrtr Kit........ £19.95 (Aj@ 
LKO6G Sweep Dsc Kit... £21.95 (A} 
GB31d Probe Lower PCB... £1.25(E)e 
QY54J = Low Current Disp oo» £3.45 (Ce 
LK13P = Logic Probe Kit...... £10.95 (Bye 
Page 311 
LKOSK = Minilab Kit. £35.95 (Ale 
Page 312 
TXF56L E&MM February 1982 ....... £1.10 NVe 
XF58N E&MM ape 1982 ... sein DIS@ 
TXF59P =E&MM May 1982 £1.10 NVe 
tXF600 =E&MM June 82 £1.10 NVe 
TXFEIR ERMM July 1982.. £1.10NVe 
tXF62S = E&MM August 1982 ......... E1.J0NVe 
TXF63T E&MM September 1982 £1.10 NVe 
TXF65V  E&MM November 1982...£1.10NVe 
TXFEBW =E&MM December 1982... £1.10 NVe 
tXF87X E&MM January 1983....,... £1. 10NVe 
PROTECTION 
Page 314 
RX87F Safuseholder 1.1/4in £1.98 (D) 
RX49D Chassis F/H 20mm. 14p (G)e 
AXSIF Fe/H Car... ..... ‘ yp (G)e 
WRISV Fuse A/S 1A. 1 3p (G)e 
WR20W Fuse A/S 2A 13p (Ge 
HO33L Plug Fuse 5A 0... 13p (Ge 
Page 315 
8K22Y Thermal Breaker 3A..........£2.25 (D)e@ 
8K23A Thermat Breaker 5A...... £2 10(D) 
BK20W Thermal Breaker 15A...... £1.95 (Dje 
HBSiF Fuse Wire 33p (F)e 
HW06G RF Supp Choke 3A... .. 44p [F) 
HWO7H Delta Cap............. £1.20 (Ede 
*YW47B  Surtace Ba Reed £1.95 (D)@ 
Pege 316 
XY33L Smoke Detectr Type 1.......... DIS (A) 
RECORD & TAPE 
Page 317 
tXQ00A Autochanger ... se £23.60 (Alo 
XB25C Bell Drive Turntable...... £42.95 (A)e 
LB75S Drive Wheel BSR... sore £2.20 (D) 





Page 318 

FO36P Garrard Drive Belt. 
HROSK = Ctrdg BSR sae 
HRI7T  Cirdg Sono V100... 


Page 319 
HRIGS Ctrdg gelding GB00 ..........4 



























FO38R = Ctrdg Goldring G800H .......£8.62 (Bye 
Fa4iu Cdg Tenorel 2001ED. £9.62 (A) 
Page 322 

BKO7H Stylus ATN3400... cove £7.45 (C)@ 
HREBW Stylus Acos SM6 ...... £5.95 (Coe 
BKOSK Re-enter As FGBBU ... 

HR39N Stylus BSR TCBD 

HR74R = Stylus BSR ST21.. 

HR76H Stylus D110E..... £5.95 (Ble 
YX20W Sty! Phitps GP401Mk2...... £5.95 (B)e 
HR95D Stylus Sansui SN26 .. £595 (Cye 
FG98G Senyo ST26 Stylus... 7 
FG34C =Sharp $T7123 Stylus i 
YX26D Stylus Sonotone. V101 £5.95 (B)e 
HR53H = Stylus KS40A DD. E 

FG96E = =Sony ND250 Stylu: 

BKIBU Stylus ND200..... . £7.25 (Ble 
YX27E Stylus Sony XLI5 ..... £4.95 (Cje 
YX28F = Stylus Sony ND126 DIS (C) 
Y¥B47B Hi-Fi Care Kit C72. 

LXD6G: peacing Arm C100... 

FR46A Stylus Cleaner C50. ‘DiS (Eje 
Pege 323 

FG71N  Rollacieana........ =. £5.42@ 
LXIOL = Anti-Stat Mat C119. .........£2.95 (Che 
Page 324 





FG74R ~=Hesd + Cupstan Kit . 








TFRE2S = Straight Demagnewzer. 
YG25C Cassette Tape C50 . 
Pege 325 
FO63T GF Cessette Head. ..... £9.62 (A) 
FQ66W Cassette Erase Head............£1.96 (C) 
FO65V Stereo Cassette Head... .£3.95 (Cie 
RESISTORS 
Pege 327 
w WAW Min 0.22R to 1K a 37p (F} 
w W/W Min 2R2 to 22K... ...22p (G} 
Page 328 
L TW WW 3p (Fe 
H 10W WAV 42p (Fle 
v HV Res | 15p (G)= 
v HV Aes 47M. . 29p (Foe 
YVYIZN  Resnet 100R. -B9p (E) 
YYISR Resnet 1k... .. Bp (E) 
YY2Z0W Resnet 47k 79p {E) 

KX] 








VAT 
Inclusive 
Price 


1984 
Catalogue 
Page No. 


Page 323 

WRAIC Hor Skeleton Ik... 
WwR82D 
WAB3E 
WRaA4F 
WABSG 


wrest 
WAB87U 
wrheay 
wresw 
WRS0X 


Wray. 


ei 
ie e 
7) 









Hor Skelton 10k. . 
Hos Skeletan 22k 


Hor Skeleton 47k- 
Hor Skeleton 100k 
Hor Skeleton 220k 
Hor Sketeton 470k 
Hor Skeletan 1M 


Hor Skeletan 2M2 
Har Skeletan 4M7 
WAWooa Vit Skeleton 100R.. 
WWO16 Vrt Skelaton 220R. 
WWwO2C Vert Skeleton 470A 


WwW030 Vrt Skeleton Ik. 
WWO4E Vrt Skeleton 2k2.__... 
WWOSF Vit Skeleton 4k7 
WW/O06G Vrt Skeleton 10k 
WW07H Vrt Skeleton 22k... 


WwW08) Vit Skelatan 47k | .... 
WWOSK Vrt Skelaton 100« 
WW £HOL Vrt Skeleton 220k.. 
WW1ItM Vrt Skeleton 470k. 
WWI2N rt Skeleton 1M 


WW 13P Vrt Skeleton 2M2 
WW14G Vrt Skeleton 4M7 _.. 
































WA490 15-Turn Cermat 10k. 

WRSQE 15-Turn Cermet S0k 

WRSIF 15-Turn Carmet 100% _ 

BWO6G Edge Control Pot... : 

BWOSK Edge Knob Large Bt 

AWIOL Edge Knob Larce Grey OS (Hie 
Page 330 

FWIHMF Qual Pot Lin 4k7..................£1.42 (De 
FWHEG Dual Pot Lin 10k. ... £1.42 (D)e 
FWe6T Qual Pot Lin 22k. £1.42 (De 
FWaru Qual Pot Lin 47k £1.42 (D)e 
PweeV Qual Pot Lin 100k £1.42 (D)e 
Fwasw Dual Pot Lin 220k... £1.47 (0)@ 
Fwsox Dual Pot Lin 470k. . £1.42 (D)e 
FW91Y Qual Fot Lin 1M... ww £1.42(D)e 
FWS2A Quel Pot Lin 2M2...... £142(D)e 
Fx08s = Oual Pot Log 4k7_ £142 (O}e 
FXOSK = Dual Pot Log 10%. .....,........£1.42(O}e 
FXIOL Qua! Pot Log 22k £1.42 (D}@ 
FXTIM = Qual Pot Log 47k... £1.42 (Oho 
FXI2N Qual Pat Log 100k £1.42 (Dje 
FXIGP = Qual Pot Log 220% . £1.42 (Ble 
FXt4Q)— Qual Pot Log 470k ............. £1.42 (O}e 
FXISR = Dual Por Log I M...... £1.42 (Ole 
FX16S Dual Pot Lag 2M2. £1.42 (Dye 
Page 331 

FWSOE W/W Pot 109A. Ols (Ce 
FWSIF WW Por 258. 

FW73Q W/W Pat 500R 

FXO2K — Shdw Pot Lin Sk 

FX33L Slide Pot Lin 10k 

FX34M 0 Siide Pot Lin 25k 

FXa5Q Shido Pot Lin 59%. : 

FX26P Slide Pot Lin 10Gk......... 

FATS Shide Pot Lin 250k, 


FX38R Slide Pol Lin 500k ... 
FX53H 

FAS4J 

FXSSK 

FXS6L 

FXS7M_= Slide Pot Log 100k 
FXS8N = Slide Pat Log 250k. 
FXSSP = Slide Pot Log 500k. 
FX76H = Dual Slide Lin Sk. ...... 
EX77$ Dual Slide Lin 10k..... 
FX80B Dual Siide Lin 100k 
H8O2C Qual Slide Log t0k ... 
HBO4E Qual Stide Lag 50 
HBO5F Qual Slide Log 100k 
H807H = Oual Side Log 580k... 
Page 332 


FX21X = Thermistor VATGSSS 
FX42V 0 Tharmistor VAS066S . 
FX62S Thermistor AS3 .............. 














SEMICONDUCTORS 

Page 334 

QBosF AcT42., .45p (Fe 
aero. Acris =. T3p (E)@ 
QQ90A ADCOLG4LCN £5.95 (C)e 
WQOISV AY-5-2376.... .. DIS (A) 
aa27E BAtoz8 -a2p (Fle 
ae3is 8cio7e . --18p (Ge 
aea7s BCwO |. 39p (Fle 
QB39N BC142... 39p (Fle 
aga3D BCr61 45p (Fle 
Q855K ACr82L... 12p (Gje 








42p (Fle 
















































Sp (Eye 
45p (Fle 
38p (Fle 
3ap [Fhe 

Page 335 
F248 38p (Fie 
QF25C -38p (Fle 
GFa2K ... 29p (Fle 
OFaaw _ Ae: (E)e 
QMsY 8&ZX6iC4V7. ..17p (G) 
QFsA BZX6IC5V1 17p (G) 
QF47B = BZX6ICSV5.. 7p (G) 
OF48C =BZNETCHV2. 47?p (G) 
OF49D 9 BZX61C6VE. -17p (G) 
QFS0E = 82X61C7V5. -17p (G} 
QFSIF BZXEICRV2_ 17p(G) 
Qf52G 9 BZX6IC9V1 .. 7p (G) 
QFS3H = BZXEICI0. _ 17p (G) 
GFs4J BZX6IC1? 17p (G) 
QFSSK = AZXEICI2 .. 7p IG) 
QFS6L = BZXG1C13. 17p (G) 
QFS7M BZX61C15 17p{G) 
QFS8N BZX61C18. 17p (G) 
QF59P 8Zx61C18 17p (G) 
aFfenQ §BZK6IC20.... .. 7p {G) 
QF6iR = 8ZxX61C272 17p (G) 
QF62S 8ZX61C24. - 17 (G) 
QF63T =82X61C27..... : ss 17p (G} 
QF6e"U §=BZXx61C30. Pie VEpiGe 
aresy B2w6ICB an .. Wp {G} 
OF6EW BZX6IC36.. 17p (G) 
QF67X BZX6IC39.. __ 17p (G) 
QF6sY 82ZX61C43._ . . 17p{G} 
QHISA = BZXE1C47._ _ Vp (6) 
QF70M = BZX6ICS! .. 17p (G} 
QF7IN BZX61C56 17p (G) 
8ZX61C62 .. 17 p (G) 
£1.22 (Ej@ 
.74p (6) 
-£1.38 (O)e 
. Gp (Fle 
= 3] 
C2080 ...... ‘ De 
@Q018 QOACOO}LCN “gaaslcle 
Goz7A OVIZICW.... TEMP (Ale 
YY7SS = ICL7660CPA £2 89 (C) 

a4 











1984 
Catalogue 
Page No. 


YYS38 «= ICM7O45IPI_ 
Yrs4c  iCM7216DiP! 
YHS3T ICM 7555 


BL3EP = JO2. 
YY74R 
wd29G 
WWG30H 
Qy27E 
Qy28F 


Qy29G 


LFa12CN 


LF441CN 
LF142CN 
LFIa741 
LM3T1N 
LM3352 


LM3380... 
LM381.. 
WQ34M LM384 
WO35Q LM387 


LM1037N 
LM1830... 
LM1871 
LM2gt7 
LM3900, 
WO39N LM3309 
LM3914... 


LM3916 


Page 336 

YH89W MC1488N 
MCT489N 
MC1496 ... 
MC3302P 
MC3340P . 


MCE802P... 
Wwa46A MC6871P 
MC6845 .... 
MC5850P 
was43D MC6852P... 
MC6875L, 
MC10116P.. 
MFIOCN .... 
MJE340 . 

MJE350 


MPF102 
MPSAI4...... 
MPS36384 


TIP33A.. 
TIPt22 


TL4974 ... 
TMS1122 ........ 
UAAITOL...... 
uA78LISAWC 
uA7SM12UC 


uA7812UC ..... 
uA78HO SKC 
UvA78HI2KC 
uA78POSSC .. 


uA7S15UC .. 
UA7SHGKC... 
VNTORM 


XR2211CP.. 


QWI12N 2114 450ns 
2716 450ns 
2732 450ns 
2764 450ns 





401TUBE 


4012BE 
40138E.., 
QWIGR 4014BE .. 
QWI16S 49015BE. 
4016BE_ 


40I7BE 
4019BE.... 
4Q1SBE 
wo20BE 
Qwreu fe27180 


QWISV 90228E - 
OX12N 40238E 
Qx13P 640248E 
Ox14Q 40258E 
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QXISR 40268E 
Qx18S 4027BE 
OxI7F 40288E 
Gw2ow 402798E 
Qw21X 40318E 





LM1038......... 





wA7SLIZAWC. 








LM3915. 
CM13700N..... 








TIP 2955 asap sevice 





















VAT 
inclusive 
Price 


£21 95 (Aje 
£21.95 {A} 
£1.95 {(Dje 
-£2.40 (Die 


.-£1 82 {€) 
.-£1.62 (0) 
.. .. B5p lE)e 
£1.22 (Eje 
£1.62 (0} 








ft .82(E)e 
wee fT 80 (C) 

-. £1.72 (D} 
£195 (O)e 
.- £395 (Che 


-. £2.30 {C) 





£2.95 (Cle 


~ £2 24 (8) 
£395 (Cje 
£1.36 (E)e 


. £1.68 (E}e 


£1.95 (Oe 


£138 (E)e 
-£1 38 (Eje 
£195 (EJe 
-S5p (Ee 
£362(Cle 


£5.95 (C)e 
.£2.86 (D}e 
£13.95 (8 
£3.45 (Che 

-D1S (€) 


O1S (Ble 
“£1.32 (E)e 
£4.95 (Cje 
w 45p (ED 

.-£1.20(E}e 


.- Wp (Ele 
= 219 (F} 

.. Zip (Gye 
- £23.24 (Che 
33p (Ge 


-.78p (Ee 
£248 (C) 
22p (Gje 
10p (Hje 
DIS {Fle 


..-O1S (E} 





£1.35 (Che 


--, £9,95 (A) 
.- 3.95 (Ce 
1.95 (O)@ 


Sap (Eje 
B4p lee 
95p (E)e 
95p (Eje 
£1.22 (E}e 


-£2 20 (D}e 
£1195 {B)e@ 


78) 
O'S (8) 





Tp (He 

. Sp {H) 

Sp (H)e 
eons: S3p (G) 
Rp iGie 

- 7p (F) 

- B7p (F) 
23p (G)e 
Dap (Ele 
62p {E}e 


£1 10 (E) 


Tip (H) 
19p (G)@ 
.. 85p (Fe 
-19p (G)e 
.. 01S (G)e 
- DIS (Gle 
-82p (Ele 
.62p (Fie 
39a (Fe 
4.25 (Cje 
. 45p (Fie 
. £5.95 (Che 


£199 (D) 
£462 (C) 
£795 (B)e 
£12 86 (8) 

£395 (Dle 

.35p (Eje 
-. 32p {FI 
32p (F) 












41p{G) 
63p {F) 
85p {F} 
4ip{F} 
729 1B} 
58p {E) 


- 58p (F} 


£1. 16 10) 





aQwa47s 


40162BE . 


401748E.. 
401S38E _ 
4116 250ns 


4164 250ns .. 


4502BE 
45088E 
45118E 
45128E. 


4514BE........ 


45186E , 
45208E 
4521BE.... 
4526BE 
4532BE. 
45416E . 


4555B8E 
4556BE 


74LS14 
74LS15 
746 
Tai) 
7420. 


74LS20 
TAN 
74LS21 
74S22 
7425. 


7428 
7ALS26 
7427. 
74LS27 
7ALS$28 


7430 
74LS30 


THA 


TALSAT... 


74LS48 
74LS51... 
74LS54 
7470... 
7472 


7473....... 
74LS73 
7474 .. 
T4ALS74 
TALS74 . 


7aLS75 


74LS86 


74LS90 


7431 
7492_. 
74LSS2 
7493 
T4LS93 


7435 .. 
74LS35 
7496 
74107 .... 
74LS107 


74109... 
74LS 169 
24LS11Z 
7ALS113. 
7aite 


7al2t. 
74LS122 
74123 
74L$123 
74LS125 





VAT 
Inclusive 
Prica 


- 65p tr} 

. 69p {E) 
.--.. 63p (FP 
. 56p (E} 
-72p (E) 
63p (F} 

£1 t5(E) 
..77p FY 

.. 41p (F) 
...41p (F) 


-32p (F) 
325 (F) 
-.. 74p (E) 
_.32p (F) 


-. £8.95 (Che 


"9p (E} 
£1.52{C) 
73p (E) 
88 (0) 
£1.31 (O) 
72p (F) 
..72p (E) 
ais ice 
98p (E) 
78p {EI 
£1.98 (D}e 
47p (E) 
a7p iE) 


.£6 95 {C)e 


£5.95 (Bje 
39p (Gie 
39p (Ge 
39p (G)e 
39p (Gje 
33p (G)e 
33p (Ge 
39p (Gle 
39p (Gle 
78p (Fle 
45p (Glo 
43p (G) 

~ 39p (Gje 
42p (G)e 
is 
e 

459 (G)e 


35p (Ge 


... 9p (Ghe 


Ty! 1O(F}e 


£1.19 [Fle 
39p (G)o 
G4p (Fhe 
G4p (Fhe 
39p (G)© 
39p (G)e 
39p (Fle 
39p (Gje 
33p (Fle 
56p (Fle 


39p {Ge 
39p (G)e 


. 39p (Gje 
.42p (Fle 
62p (G)e 

42p (Fle 
429 (Gje 
39p (Fle 
62p (Fje 
£1.24 (Fie 
£195 (E}e 


“£4 49 (Ele 


£1.49 (Fle 
3piGie 
-39p (Fle 
Mp (Fle 
5p (Fe 


89p (Fle 


78p (F}e 
-95p (Fle 
Sap (Fle 


£255 (De 
.- £242 (E}o 


- £1.82 (E}e 


55p (Fle 


“£240 (Cle 


£1.15 (Fle 
95p (Fle 


£1.62 (Dje 


£t 55 (Fle 
_95p (Fle 
£1 20(Fl© 

959 (Fie 
£138 (Fle 


- 82p (Fle 
£1.18 (EJe 


£180 (C)e 


S2p {Fie 
£1 20 (Ele 


{F) 
erazlete 


72p [Fie 
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YFSOE 74LS126. 
WHO3D 74132 

74LS132. 
T4LS136 
74L$ 138 


74LS139 _ 
Talal 
WHO6G 74145 .. 
74LS145 
axesw 74150 


WHO7H 74151 _ 
748151 
74LS153 
74LS 154 
TALS155 .. 


T4LS158 
7A4LS157 
74LS158 
WHOSK 74160. 

74LS160 


T4LS161 
74LS 163. 
TANGA 


74LS165 


T4LS169 
74.8170. 
T4L$173 
WHIM 74174 
7ALS174 


7ALSI75, 
74LS181 
74LS190 
74LS191 
TALS192.. 


74193 
74LS193 
74194 
TALS194. 
74LS195 


TALS 196. 


74LS240 
7ALS242 
74LS243. 


TALS244 

7418245... 
74.8251... 
74LS257.. ., 


74LS273.. 
74LS279..... 
74LS$283 ., 
74LS290.. 
74L$292. 


74LS293. 
74LS365 _. 
74LS366 
745367 
74LS368 
74LS373 
74LS374 
74L$377 .. 
74LS378 
74LS393 


74C3917 
74C925 
T6477 
8795 


g038 CCPO 


tYH35Q, 


YH38R 
YH39N 
YH41U 
YHaSw 
YH44Xx 


YHStF 


8211 CPA 
8212 |... 


8279 


Page 363 


YY68Y NES55344 
QHSIF 3403 
QH42y =LM3900 


Page 364 


CA3130E 
LFI3741 
WOQ30H LF351..... 
LFS47 . 


LF412CN 
LF44iCN 
LF442CN 
Page 365 

YH58N CA3030E 
YH64U =LM13700N 
QyosK LM311N 
QH48C ~=MC3302P_.. 
Page 367 

QH40T = LM380....... 


WO34M LM384 
Page 370 
QH41U LM3a! 
WO35Q M387, 
Page 371 
ayisy LMIG35 


Page 372 
QY33L-LM1037N 


Page 373 
QHasf §=Mc3340P 


Page 374 
QY35Q MFIOCN 


Page 378 
YH32K 76477 


Page 380 
QY5S0E SP0256 


Page 381 
WaQs4U TCA4500A 


Page 383 
QYZ3A MCIO116P 
QH47B MC 1496 


Page 384 


QlO7H = SG3402 
QH260 CA3045 
*#YHBEW SL490 


Page 386 


SKEW UM1236 Modulator 


YY7IN =LM1871 


YOS3A LM1871 Xmitter PCB 


Page 388 


WO76H TLI72C 
wa7ss TLI70C 
GRSSK 634SS2 


Page 389 


YYSSH LM 1830... 
Yv73Q—«LM335Z.- 


T4LSI6S ...... 


74LS221 ....... 


74LS259...... 





74LS623 M8126. 


6069 OCC... 
8085A, 


CES TIEIN cose 





VAT 
Inclusive 
Price 


... 2p (Fe 
£1.22 (Eje 
£1.10 (F)e 
_.T2piFie 
£t 0 (Fle 


_ £1.15 (Fle 
£1.62 (Eje 
£1.82 (E)e 

£1.82 (De 
£2.82 (Ee 


- £1.42 (E)e 
£1.62 (Fle 
E162 {E)@ 
£195 (Eje 
£1.20 (Fle 


DIS (Ele 
-95p (Fle 
-95p (Fle 

£1.95 (Ee 

£1.22 (Fle 
.. £1.22 (Fle 
... £1.22 (Fle 
£2.32 (Ele 

£1.95 (D)e 

£2.95 (De 


- £1.84 (E)@ 

















“£2.42 (D)@ 





£3.40 (D}@ 
-€1.82 (Ee 
. £1.95 {Eje 
£1.95 (Fle 


£1.42 (Fle 
£3.38 (C)e 
£152 (E)e@ 
£1.48 (E}e 
ET62(E)e 
-£2 22 (Die 
£1.62(E)e 
wo. £1.68 (EP@ 
£1.22 (E}e 
£1.19 (Fle 


£1 G2{E)e 
- £1.62(Ee 
. £2.26 (Ee 
.. OIS{D) 
£1.95 (E}e 
£232 (Ee 
o£3 42 (O)@ 
-£1 18 {E}e 





E12 SBTAD 
-O1S {E) 


wn Tap Ee 
. T9p (Fle 


£238 (Eje 
£2.42 (E}e 


.79p (D} 
£1.62 (D)e 


-£1.98 (0) 


0p (C)@ 


£4.98 (C) 
£2.95 (Cje 
.£8 20 (Bye 
- E2.95 (Cye 
£2.25 (D}e 


£6.95 (Be 


£2.48 (C) 
‘5p (Ee 
_£1,38 (E)e 


£1.38 (0}e 





«£1.62 (0) 
$8p (E) 
£1.94 (0) 


..74p {E) 
£1.95 (D)e 
-£1.62 {E}o 

35p (Ee 


£1,02{E)@ 
- £1.72 (0) 


ove f£1.80 (C} 
‘£1.95 (D}@ 


£3.95 (Cje 
2.30 (Cc) 

. £3.62 (Che 
£4.95 (Che 

~ £5 95 (Ble 
£9 95 (A) 
£3.95 (C)e 


.. £1,92 {EJe 
. £1.95 (Eje 


£4 98 (C) 
£1.22{E}e 
£3.35 (Ce 


EN SOtA)e 


£2 24 (B) 


. £1.25 (De 


95p (Ee 
.95p (E}e 


£6.95 (Cpe 


£295 (Che 
£3.32 {0} 














1984 VAT 
Catalogue Inclusive 
Pages No. Prive 
Page 330 

wastU LM3914 ..... £3.95 (Kye 
YYS6E — LM3815.... £2.98 (C) 
YYS7F —LM3316. £2.98 (C) 
Page 391 

Qyi4Q UAAIIOL. . £3.95 (C)e 
YH30H = 74C917..... -£9.60 (8) 
YYsa8  ICM70451P! £21.95 (Ao 
Page 393 

yyasv  TMS1121. £11.95 (Be 
QYG8J = 74C925..... £6.95 (Bje 
Page 394 

YYS4C  ICM721601PI_... » £21.95 (A) 
Page 395 

QHE6W NE 555... ..38p (Ghe 
QH67X NE 556... . 78p (E}e 
Page 396 

YH63T ICM 7558 £1.95 (D}e 
Page 397 

WO39N LM3909....... £1.69 (E)@ 
YY76H }=TDA1024........ £1.95 (D)e 


Page 398 

YHAIW 8211 CPA... 
YH39N 8069 OCQ.... 
YY78K = TLAS7A..... 





Y77s T1430. 

Page 399 

YYTSS ICL7660CPA £2.69 (Cc) 
YY7AR 1200... £1.82 (C) 
Page 401 


YO33N 0.!Afleg PSUPCEH..... 
Ya4oT O.5/IAReg +V PS PCA 
YQ41U 0 S/!A Reg -V PS PCB 


Page 403 
Wwa44x MC68d2P... 
WO48A MC6821P. 
wasse MCS8SOP_ 
wa490 Mmc6a52P 
WOQS0E MCB875L ..... 








95p 
“95p (Ele 


. £5.95 (Ce 








Page 404 
QwocA Z80-CPU...... 


Page 405 
YH41U 808SA.. 
YHSIF 8279... 


Page 406 

YH44X 8212 
TYH35Q @T95.. 
YHEOW NICT1438N . 
YH9OX = MC1483N ..... 

















Page 407 

WQISV AY-5-2376 

Ggac4e 6402... 

aa030 MC6845 

Pege 408 

QW12N 2114 450ns ... £1.99 (0) 
QW938 4116 250ns eos 2 48 (Dl 
QQ06G 4164 250ns..,.,...... 9 £8.95 (Clo 
Page 409 

QQOTH 2716 45008 occ ccccer sees oe £4.62 (C) 
Qqes) 2732 450ns . a £7.95 (B)e 
QQ03K 2764 450ns.... a £12 86 (Bje 
Page 410 

YH38R 8038 CCPO.............-- £498 (C) 
Page 412 

QYABW XR22ZNI CP nooo cocoon £9.64 (CD 
QQ01B OACOBOTLEN 0... £4.45 (Che 
Page 413 

QQ00A ADCOSO4LCN .... -£5,95 (Ce 
WE3BA LM 2917. occa » £3.95 (C)e 
Page 415 

WR29G  Trenskt 3-Lead T018 . 22p (G) 
Page 416 

HQ77J OIL Socket 20-pin......... 18p (G) 


























BL20W DIL Socket 24-pin. ..20p (G) 
HQ38A OL Socket 40-pin ... ... (F) 
YG29G Hoeder 24-pin...... £145 (O}e 
YXSOE iF Socket 24-Way + £4.95 (Che 
Page 417 
FGS2G = Ctlp on T0220 oo SVB (FD 
FGSSK = Powerfin plastic 59p (Fle 
Page 418 
FG60Q Heetsink TO220HP............ 
FG63T ip Sink 40 pin... 
FL41U Heatsink 4¥ 
*FGE4U «= Coversitde BW... 
Pago 419 
FLA2V Flat Heatsink... 
FLS45 Heatsink 10ON 
FL77J Heatsink 6W-t..... 
wFG65V Coverside4 Y............. 38p (Oho 
SPEAKERS 
Page 421 
HY12N  Unhrasonic Transducr....,......£3.96 {8} 
Page 422 
YKSEN Lurge Dome Bell .. £17 95 (Ajo 
Y825C Baby Siren... ce . OFS (B) 
LHS8G  Hawait Five-O Siren . DIS (A) 
YKGIR Staccato Eletrne Sdr_........£9.95 (Bje 
1XQ71N Re-anteant Horn Sndr £26.50 [Ale 
Page 423 
(823A Mag Earpiece 2.5mm 1Sp (Fie 
L@25C Crystal Earpiece. .G2p {Ee 
YWS7M Stethoscape 95p (Eje 
Page 424 
LH820 com Mic Headphone £15.45 {Aje 
LH83E Stereophone GHISOP.. ...£5 25(C)e 
WFI3P Stersaphone HP1I0C 
WFI40 $Stereaphone: OH207 s 
LH84F = Stereaphone M1108 ONS (8) 
Page 425 
Lat3P Headphone Adaptor. ....€345(Cje 
YW54J 15W Cone Tweeter. £3 20 (Cc) 
WE&3W Dome Twenater £595 (B)e 
WR4X Rectanguiar Tweeter... £4.95 (Be 
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1984 VAT 1984 
Catalogue Inclusive Catalogue 
Page No. Price Page No. 
Page 426 Page 436 
XG34M_ Bullet Tweeter £2260{A) FL33L_ Rd Latehbutton Grey 
AN gn Speaker Stile Ree IC! 
«72! 12in Speaker Griile 35 iC}e Page 437 
WFaBC Hi Car Spk £6.98 
BE Hy DU WiOnnce {8)  BWI6S Letchbush Green 
Page 427 LBS1Y Flasher Unit 2-Way 
WE50E Elliptcai Spkr CM641. «£3 62 {Cle 
WF23A Eltiptcal Spkr (M852 feasisye Page 438 
WFOOA Rd Speaker LT530 egos (pie (LOUIE Pcoiues: Morselkay, 
WF52G Rd Speaker LTG10 £5.95(Bye  YRBBV Solenoid 12V 
WFIIM Ad Speaker LT830 £845 (B}e 8K48C—_Ult-Mn Rlay 6V DPDT 
X077J Fane 504R DISIAl Page 439 
®YX93H —12V 30 Relay 
Page 428 FX23A Open Relay 6V 
XQ79L Forte 125070 BR ~£23.95(A}® — FX24B  Dpen Relay 12V 
XOQBOB Forte 1250TC t6R £23.95 (Ae 
XQB1C Forte CI2B5TC BR. £29.95 (Ajo 440 
XO82D Forte C1285TC 16R.. .f2g95(aje Page 
AF35Q —15W Spkr Parr “£39 95tA}e © FX4SD Power Relay 230V AC 
Page 429 Page 441 
*XY79L Ceiling Speaker £1245(Aje FXBSW_ Di! Reed Relay 1p12V 
YLISR Bracket Minor 5... £9.95(Bye  FX90X Dil Reed Relay 2p 5V 
YK54J  Wallclamps Duo 220 £1620{A) FXSIY Dil Axed Relay 2p12V 
FX71N Magnet Smail 
FX72P Magnet Lerge 
SWITCHES 
TEST GEAR 
Page 430 
FHOSH = DPDT Ultra Min Togle 7ep(eje Page 442 
FHOOA Sub-Min Toggle A 73p (E) 
FET2P— Sub-Min Toggle L Paptichmnvrecs Le-tosttex: Brobe 
FHIDL Std Toggle SPST SepiE® = Fy7aQ Logic Probe 
FHIIM Std Toggle SPOT 59p (E)e a 
Page 431 Page 443 
YB21X_ Safebloc. . 
FHI7T HID Toggle Type 4 £3.42(C)® — BywosF Scope Probe BNC 
XX26D DIL Switch SPST Dual 95p (Ele ty 
XX28F DIL Switch SPDT Sg... Sap(e) R950 Lo-Cast Scope Probe 
S P 
XX29G_ DIL Switch SPDT Quad .. £325 (Ce Page 444 
Page 432 XBB2D Crotech 3030 
FF730 Rotary SW12B 2p iE)© 
FH43W Rotary SW6 72p{E}e Page 445 
FH45Y Rotary SW3 S2plE}e = xBB3E Crotech 3131... 
YK38R Low-Cost Counter 
Page 433 YBB2D LCA Bridge 
FF79L Long Chrome Slide JouiGre IPOS palrapsisrecTemnHFe 
FH36P Std Side Switch tsp (Geog 
FHE9P Push Switch tap (Gye Page 446 
FHS1Y Motor-Stan Press. -45p (F) = yw938 Low Cost Multimeter 
FL60Q = Pocket Mulimeter 
Page 434 
YWaSW Square Psh Lek Red »95p (£0 Page 447 
44X Square Psh Lek Yilow S5p{E}@ YWEBY Multimeter Type 320. 
FH92A Press Toa Sw Type 1 £2 42 (D)e YB67U = 100K Multtostor 
BK31J Press Toe SPST 2. £1.82 (D)e 
FH93B Press Tos Sw Type 2.. £2.24 (De Page 448 
YB85G Supertester 6806 
Page 435 LH80B = Clump Meter 
fraox cick eee priser. DIS eh 
M ick Key Bloc! .. 6p (F) 
FF64U  Keytop 3 Position. jsp ire Page 449 
BK72P Membrane Switch £9.95(8)e YK32K Multimeter DD6O! 
BK730 Flat Flex Connector 75p(E)e  YK34M Auto Range Meter 


VAT 1984 VAT 1984 VAT 1984 VAT 
inclusive Catalogues Inclusive Catalogue Inclusive Cstalogue Inclusive 
Price Page No. Price Page No. Price Page No. Price 
aes trae scams ef ABW Gurr sat aa 
1 RM. 2 -Psece Tool Kit ‘ e 1 ust Cora Type 4 14p 
DISC) Oe AP hrenccy meter Eeesetale  LH76H Wishbone Shurpener £742(8) B42V Dust Core Type 6 14p (GB) 
HGO4E HS Drill 3/32in 32p (Fle LB43W Dust Core Type 8 28p {G)e 
Page 452 LB44X Former Base 15piGle 
DIS(Fe | ‘ Page 461 LB36P Screening Can 10 15p (G) 
£872(B}e  Y8OSE Grid Dip Meter £49.951Al@ Evers Iron CS £6.95(8)e LB39N Screemng Can 15 1Bp (Ge 
FY63T = Elainent CX. £395 (Cj)e HXOSF Small Pot Core £1 76 (D) 
FA30H =Bn 1106 £130 (E)@ 
teria 4 POOLS FY64U Bit 1100 £130(E}e Page 467 
£6 82 (B) FY65V Bit 1101 £130(E}® Hx140 Mig System Type4 £1 28 (Die 
£1.20{D) PP, FY! HX57M GE Collis ..., DIS {C) 
ae ee ae ante Pee sees fi go tbe HW24B GEColl Lis £395 (Cle 
FROIB Element Type CN £3.25({Cje YX5S6L GE Col? DIS (C) 
ramicie Page 454 Pass ria "Po! SSIES Page ase 
© BR79L__Intrchgbl Scdrvr Set DIS (D) HW27E Choke 10H £2 10(D} 
£396{C} FYOBS —Utilety Set £562{(Cle pele a he Aree ae HXI5R  Choku 1 5mH 75p lee 
YX74R Min Screwdriver WielGhemr eee ren ESD (E}2  HXI7T_ Choke 5mH 68p [E} 
BR52G Small Screwdriver KOOIG) | eke SER WH25C Choke 0 22uH 59p (Ele 
r4ag(tye  BRS3H Large Screwdriver 42piFie § FRoey BBS? £130 (Eye WH37S Choke 22 OuH.. Sp ihe 
FYISR  Poridriver P1 £198 (D)e HX42V Toko YACS 11098 . B9p (Eye 
FYI7T.— Pavidriver P2 £245(D)e FAIZN IronXS. £72518) HXa3W Toko YHCS 11100 68p (Ee 
FRIZP = 12V ron MLXS. £9 49 {Bje YG31J Toko CSK3464 75p (f}@ 
£19810) Page 455 YG32K Toko YMCS17104 _T5p (Ele 
Page 462 
faacice FYISY LowCostMmCutiers £5.45 (C)e os Element X25 £2.95 (C)e ee hh _ ae 
ott fe FY22¥ Box JT Side Cutters £8 98 (B) RISA Element ieee ‘Es aeitye  YO36P Toko KACB4aS DIS (F} 
Page 456 B16S  BitNo. 90 £130(€e Page 469 
FAI Bit No 51 £1 30 (E}e Leo18 IFT 14 £186 (D) 
BR72P Side Curters $55 £495 (Bye = FAIBU Bit No. 52 £1.30 (E}e 2 
BK41U Hooked Pliers £845(B}©  gRoqw Stand ST4 mami) We, meee 
BRSIY Electricians Phers £5 20(C) ; HXB2D Min Tr L744 SBp (E) 
RK33L_ Sponge ST4 35p (Fle = LB140 Min Tr LT700 58p (E) 
P 457 FRIIM = Sponge ST3. 24p {Ge = YASIY = Min Tr LTB00 DIS (F)e 
B5p (E as° Be Gels (£953 (B32 LROSG = Me Xtm Typ2 200-600R £21.95 (Ale 
SpiE)® BR7GH End Action Sinppars . .£6,.9518)® FY69A XS Kit SKE Sio.26(B)e) CRS e Mc Aimityn2 ee als 
Piz lGe — BAI3B Wire Strippers 3A £256(C) wyo0sF Auch Hi aaa steel 
12 45 (B)e F Auchargeable Iron £33.95 (A}o 
SESE SS Wibn TS sic aes SURIN  yxeay B50 Bit Angled -£398(C)e Page 470 
FAIL Hest dink Tweerersa-o. apie  WO0A Sub-Min Tr gv £1 65 (D}e 
£795(B)e Page 458 FA23A Solder Sucker IC, ewe ee aur aehea cis 
WBD2C Sub-Min Tr 12V . £1.65 (Die 
£14.5612)@  FY40T Box Spanner 2BA £336 (D)e WBIIM Min Tr 9V £4 45 (Che 
AUGB4 (C)* Fyaay Bos Ego SA a 95 {dle Page 463 LYO3D ‘Tr 10VA 15V £5 45 (Ce 
43W Box Spanner BBA 95 {Dje ‘ i 
FY490 Nerdie Filc Fiat Wrd SEBO  Gearmanect come mnee Sa) ROE Cane ey pease lS 
£195.95 (A) Aig eg ca pe tle prea Desanivasne tynsi2 7 Aa ae WB25C Tr 12V 1A. - £6.36 (B) 
* nife Blades io onductive Pain’ £4: eo -D-; A; 
ip Beem copeucl aaa £4.99 (Ble YKOZC Tr 32-0-322A £13 62 (A) 
cavagsiay Page 459 LH02C Aero-Kiene £1.95(0)e Page 471 
£55.95 (Aje YW654U Snap-Of Blade Knife £1124{E) Y8730 Aero-Duster £1.95 (D)o YKO8J Toroidal 30VA 6V. £7 58 
€2750(A) FYOSF Scnilpel Handle . £2.86 (Dje YKO9K Toroidal 30VA SV . £7 58 
£1695(Aje  FYO6G = Scape! Bid Type |! 4Bp {Ee =Page 464 YKIOL Toroidul 30VA 12V £7.58 
BASIR Punch 1izin £524(Cle yB75S Plastic Seal EUSIDIS! oy recca Evan ae 
BRE2S Punt 9/16in £530(C}® YB76H Foam Cleanser Srna MAELO oe pus 
BREOB Punch 5/87) £5.36 (C)e  YB79L Anty-Static Spray . £195 (De -YKI3P Toroidal BOVA BV £8.60 
£595(B)® = BWO0A Punch } 1/2in £965(B)e FL43W Evostik Impact £1.40{D) YK14Q Toroidal SOVA 9V. £8 60 
£942(B)© 1791 Reliant Kit £2480{A) FL44X Araldite Rapid £2.82(C)e  YKI5R Toroidal SOVA 12V £8.60 
BWO3D Reliant Dnitl €7:94{(B) YKI6S Toroidal SOVA 15V £8.60 
Page 465 YKI7T Toroidal 80VA 18V £9 64 
£1799(A) Page 460 FLA7B PVC Tape Black 52p (Fje  YKI8U Toroidal 8OVA 22V .., £964 
DIS(A)® — BWO2C Titan Drill £1295(A)e FL4BC PVC Tape Blue 52p (Fle = YKISV_ Toroidal BOVA 30V - £9 64 
XB12N Dri Stend £1795{A) FLS50E PVC Tape Green. .52p (Fhe = YK20W Toroidal 120VA 30V £105) 
BRB4F_ Reliant Collar 7B8p(E) FLSIF PVC Tepe Red. wu B2p (Fhe  YK21X  Torordal 160VA 35V. £11 67 
3620  BYVO4E Drill Power Supply £1595 (Aje  FLS2G PVC Tape White .. Bap (F}e = YK22Y Toroidal 300VA 35V £1487 
£34 20 (A) BRESV  Twst Burr 0 8mm 45p (F) reas orale cae BBV. - mee 
BR66W Twist Burr } 4mm. 44p (FI 12 r20V 1A. ‘9 ° 
BRBSG HS Twist Dri 0.8mm 82p ce WOUND COMPONENTS WBI7T Tr 28V 1.1/2A. £10.98 (A) 
BRB6T HS Twist Drill 1mm 82p [E}° 
£4595/A)e BAB7U HS Twist Drill | 4mm ap ie} Page 466 Page 472 
£6995(A)e YY28F —Long-tife Drill imm £122{D) LB40T 95 Coil Former DIS(E) YGI3P Small Motor £1.68 (D)@ 





HEATHKIT Continued from page 30. 


duce each section. In addition, the 
cassette narration guides the user 
through the course. In everyday language 
these cassettes help to provide a fuller 
understanding of how a computer oper- 
ates. Fifteen computer exercises provide 
experience in using MS-DOS features and 
commands with the HS100 and the IBM 
Personal Computer. Includes 5% inch 
floppy disk. 

*MS is a registered trademark of Microsoft Corporation. 
**Z-DOS is a trademark of Zenith Data Systems Corporation. 
Order As HS65V (EC-1121 MS-DOS 
Course) Price £109.95 


Hero 1 Prices Reduced 


The excellent new magazine ‘Practical 
Robotics’ thinks Hero is “probably the 
best personal robot at the moment.” - a 
sentiment with which most informed ob- 
servers would concur. And now, thanks 
to massive sales worldwide, we are 
pleased to announce a big price 
reduction to make Hero even better value 
for money. Now you can buy the kit in 
stages if you wish, the body first, then the 
arm and then the voice synthesiser, or 
you can still buy it all together at a saving. 
See °84 Catalogue page 213/4 for full 
details. We can also now supply Hero 
ready-built including arm and synth- 
esiser, just compare our prices and 
facilities with the other robots around and 
we're certain you'll agree Hero is by far 
the best value! 


ET-18 Body only HS77J_ Price £899.95. 
ET-18-1 Arm only HS78K Price £399.95. 
ET-18-2 Voice only HS79L Price £119.95 


June 1984 Maplin Magazine 




















ETS-18 All above in one kit saving over 
£65. Order As HK20W Price £1349.95. 
- Saving £250 over previous price! 


ETW-18 As _ ETS-18, 
assembled. HS80B 


More Add-ons For Hero 


In the next issue we'll have details of 
several state-of-the-art add-ons for Hero 
like an RS232 interface to enable direct 
connection to your home computer, more 
RAM to store larger programs and a 
voice recognition unit that allows you to 
command Hero directly just by talking to 
him! Also available now in addition to the 
add-ons shown on °84 Catalogue page 
214, is a second plug-in demonstration 


but factory 
Price £2199.95. 





ROM that allows Hero to move about a 
room avoiding all obstacles. 


ET-18-7 Automatic Mode ROM 
Order As HS67X Price £39.95. 


More Courses In 
Classroom Format 
Both of the self-instruction courses 


described in our last issue are now 
available in classroom format as follows: 


Robot Applications Course EE-1812 
Text EB-1812 


Order As HS69A Price £25.95NV 
Workbook EB-1812-40 

Order As HS70M Price £15.95NV 
Instructor’s Guide EB-1812-50 

Order As HS71N Price £13.95NV 


Assembled Trainer ETW-18 
See robot details above. 


Parts Kit EB-1812-30 
Order As HS72P Price £64.95 
Microprocessor Applications Course 
EE-3405 


Text EB-6405 

Order As HS73Q Price £23.95NV 
Workbook EB-6405-40 

Order As HS74R Price £14.95NV 
Instructor’s Guide EB-6405-50 

Order As HS75S Price £13.95NV 


Assembled Trainer ETW-3400AE 
See catalogue page 211. 


Parts Kit EB-6405-30 
Order As HS76H Price £64.95 
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Introduction 
The accepted life for most Ni-Cad 
cells is five hundred charge/discharge 
cycles, however this sort of life can only 
be achieved if some care is taken over 
the treatment of the cells. A number of 
chargers are available commercially and 
many High Street shops are now selling 
both batteries and chargers. These 
chargers are only able to charge a limited 
number of cells at one time (usually 4), 
have a fixed charge time of about 15 
hours and no provision for high speed 
charging of scintered cells. 
The overcharging of cells is de- 
trimental to their useful life, most manu- 
facturers state their cells must not be 
charged for more than 14 to 16 hours at 
the recommended charge current. 
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However, no commercial charger 
appears to offer an automatic timing 





Figure 1 Single Cell Discharge 
system. Partially used cells are normally 
treated as though they were completely 
discharged and will consequently be 
substantially overcharged by a commer- 
cial unit. 
The discharge of a single cell at a 
constant current is shown in Figure 1. The 










is below 10% of the full charge — then the 
voltage drops rapidly. Recharging the 
cell raises the voltage across the cell to 
between 1.3 and 1.4 volts very rapidly, 
where it remains until the cell becomes 
overcharged, the voltage then rises 
slightly before becoming constant again. 
In order to charge a variety of 
batteries this design uses the discharge 
voltage of 1V per cell to initiate the 
charge cycle, which is then carried out at 
constant current for either 3% or 15 hours 
depending on cell type. To satisfy a 
number of interests, including photogra- 
phy and amateur radio, the unit is able to 
charge a range of batteries, from a single 
AA cell to a bank of up to 10 cells — 
which will provide a 12V supply. Conse- 
quently switched reference voltages are 
used to detect the end of the discharge 





voltage across the cell remains constant 
at about 1.2V until the remaining charge 
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Figure 2 Circuit Diagram 


offered. A discharge only facility is also 
offered for cases where a new battery 
pack is to be made up from old cells in 
various charge conditions. After dis- 
charging each of the cells individually, 
they can then be recharged as a battery 
pack so that each of the cells is equally 
charged. 

To accommodate the charging of 
various types of batteries the output is 
connected to a PP3 type clip, which can 
then be connected to the required 
battery pack (although for certain single 
cells the connection to the battery holder 
will need to be soldered). For full details 
of battery holders see page 31 of the 1984 
Maplin Catalogue. 


Circuit Description 

Tl, BR1 and Cl are used to convert 
AC mains input to 16.5V DC, the voltage 
used to drive all of the logic circuitry and 
to charge the batteries (see circuit 
diagram Figure 2). The circuit consisting 
of D1, R3 to R6 and IC7 is used to detect 
that the battery to be charged is 
connected correctly. Normally when a 
battery is regarded as being discharged 
it in fact still produces a small potential 
difference across its terminals. R3 to R6 
form a potential divider so that if the two 
battery contacts are shorted together the 
inputs to the voltage comparator IC7 will 
be the same, ignoring resistance toler- 
ances. To ensure that in this condition IC7 
produces an error signal, i.e. IC7 pin 6 is 
low voltage, D1 is introduced to unba- 
lance the divider chain. The off-set is 
extremely low and will be overcome 
when a battery is connected to the 
charging terminals in the correct manner. 
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Figure 3 PCB Track Legend & Wiring Diagram 


IC7 pin 6 will then become high. An 
incorrectly inserted battery will reinforce 
the off-set introduced by D1. 

TRI, R7 and green LED D3 are used 
to indicate the voltage level, ie. logic 
State, of the output of IC7 — when D3 is 
illuminated the battery has been inserted 
correctly. The output from IC7 is also 
used to disable the charge/discharge 
logic (IC4a and IC4b) thus preventing 
38 





damage to an incorrectly inserted bat- 
tery. 
IC6 with its associated resistors R8, 
R15, R16, R26, R27 and the resistor chain 
R9 to R14 which is connected onto the 
switch S3 (see $3 diagram in Figure 2) 
form a second voltage comparator sys- 
tem. This provides the voltage standard 
against which the voltage of the battery is 
checked. The total resistance across the 





supply is the sum of R8 to R16 which 
equals 16.5k ohms. The current through 
the chain is 1mA and therefore a lk 
resistor will produce a | volt potential 
difference. Hence position 1 of S3 gives a 
1 volt input to IC6 pin 2, against which the 
battery voltage is compared. Similarly 
switch positions 2 to 7 give 2,4,6,7,8 and 
10 volts respectively, for checking larger 
battery packs. If the battery voltage is 
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greater than | volt per cell the output of 
IC6 pin 6 will be low and if less than 1 volt 
per cell it will be high. 

The timing and control logic receive 
the outputs of IC's 6 and 7 which are used 
to initiate the charge/discharge opera- 
tions. 

IC] is a free running multivibrator 
the output cycle time of which is 
controlled by the values of R2, RVI, C3 
and C4; it requires low leakage non- 
polarised capacitors across pins | and 3, 
as a high value of capacitance is required 
in this case, back to back tantalum bead 
types are used. The resistance needed 
across IC] pins 2 and 3 is provided by R2 
and RV1, the variable component is used 
so that the output square-wave from pin 
10 can be made as close as possible to 
6.59 seconds per cycle — to allow 
reasonably accurate charge times. 

IC2 is a 14 stage binary counter 
which is used to divide down the 0.152 
cycles per second from IC]; the output 
voltage at pin 1 becomes high after 2)! 
input pulses, i.e. 3% hours and that at pin 
3 high after 2° input pulses, i.e. 15 hours. 
IC5b and the associated logic loop of IC2 
and IC3 prevent the timer restarting after 
22 and 24 counts respectively, thus 
preventing a second charge cycle. 

Consider the situation where a 
partially charged battery is connected to 
the charger. $3 must be switched to the 
correct number of cells (PP3 equals 7 
June 1984 Maplin Magazine 





cells). S4 must be switched to the 
charging current required and S2 to the 
time needed. If the polarity is correct the 
output of IC6 will be low and as there is 
more than 1 volt per cell the output of IC7 
will be high, which will illuminate D3. The 
output of IC7 is also connected to IC4a 
and IC4b, when this output is low the 
outputs of both IC4a and IC4b are forced 
high, disabling the charge /discharge 
circuitry. With a correctly inserted bat- 
tery IC4a and IC4b are enabled. 

Pressing and releasing S1 or switch- 
ing on the mains supply forces the reset 
inputs of IC2 and IC3 high and then low 
again, in a time period controlled by the 
values of R1 and C2. The outputs Qof the 
dual flip-flop, IC3, become high whilst Q 
of flip-flop (F/F2) becomes low. This low 
output passes via IC5a and IC5b to 
disable the counting of IC2 during the 
discharge cycle. The Q signal of F/F2 
passes to IC4b, the output of which forces 
the output of IC4a high. This then turns off 
the charge circuit. The low output of IC4b 
enables the discharge circuit consisting 
of R28,R29,R30,TR4,TRS and TR6 thus 
illuminating the red LED D8. 

The discharge circuit remains on 
until the voltage across the battery drops 
below 1 volt per cell. This voltage drop 
causes the output of IC6 to go high thus 
causing the outputs of F/F2 in IC3 to 
change. _ 

When Q of F/F2 becomes low, the 





output of IC4b becomes high, disabling 
the discharge sequence and enabling the 
charge circuit via IC4a. Since Q of F/F2 
becomes high and Q of F/F1 is still high, 
the counting of IC2 is enabled by the high 
input to IC5b derived from ICSa. IC2 now 
begins to count the pulses from IC], with 
S2 selecting whether the high signal is 
passed on to IC3 after 2)! or 2° pulses. 
Duning this period all inputs to IC4a are 
high and its output is low, thus turning on 
the charge circuit consisting of RI7 to 
R25, R31,R32,TR2,TR3,TR7 and illuminat- 
ing the yellow LED D4. The voltage drop 
across the illuminated D4 is about 2.4 
volts and as each of the base-emitter 
junctions of TR2 and TR3 produce a 
voltage drop of 0.7 volts, 1 volt is applied 
across the switch (S4) selectable resis- 
tors, R17 to R25. The range of currents 
passing through TR2 is quite large and 
therefore a variable voltage drop actually 
occurs across the base-emitter junction of 
this transistor. The values of the resistors 
are chosen so that a constant current 
suitable for charging the cell selected, 
will be passed through themselves, TR2 
and the battery. 

At the end of the charge time 
selected by S2 the input of F/F1 becomes 
high. This causes Q to become low and 
via IC4a turn off the charge system. In 
addition, via IC5a and IC5b, furthur timing 
is prevented. The unit now remains in this 
state and the battery receives a very 
small trickle charge via R3 and R4. D2 is 
included so that when the charger is 
disconnected from the mains the battery 
cannot discharge through the rest of the 
circuitry. 


Construction 


Before starting the PCB construction 
the bottom of the box should be marked 
with the positions of the transformer, the 
PCB mounting screws, the mains input 
cable and the charger power output 
sockets. All these holes should be drilled 
and the components (excluding the PCB) 
mounted into position, not forgetting to 
locate the mains cable through the 
grommet. Next mark the positions of the 3 
switches and the LED’s on the lid of the 
box, drill the holes and mount these 
components. 

Assemble the PC board in the 
following order: first locate the positions 
of the IC sockets and carefully solder 
them onto the PCB. Do not insert the IC’s 
at this stage! Next mount and solder in 
turn, the resistors and capacitors, the 
bridge rectifier and the transistors except 
TR2. Once these components are fitted 
TR2 can be attached to the heat-sink and 
the two items screwed to the PCB — after 
bending the transistor leads to pass 
through the holes in the board. Finally 
solder TR2 and fit the wires connecting 
the PCB to the sockets and transformer, 
and also the switches and LED's in the lid 
(see Figure 3, PCB track legend and 
wiring diagram), then fix the PCB into the 
box. 

Now wire the switch 83 with the 
resistor chain as shown in Figure 3, and 
ensure that 7 switch positions are 
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available. If not there is a small movable 
stop under the mounting nut of the switch 
which should be placed in the position 
marked 7. Incidentally $4 should also 
rotate through 7 positions and should be 
adjusted if required. Before testing, all 
wiring should be checked and the wires 
between the PCB and other components 
secured with cable ties. 


e 
Testing 

Having completed construction the 
supply voltage to each of the IC’s should 
be checked — there should be a reading 
of 16 volts between pin 14 (positive) and 
pin 7 of IC's 1,3,4 & 5, and between pin 16 
(positive) and pin 8 of IC2. For IC6 and 7 
the 16 volt supply should be across pins 4 
and 7 (positive). If these readings are 
satisfactory plug in all the IC’s. 

With the output sockets discon- 
nected the green and yellow LED’s 
should light. Shorting the sockets should 
turn off all the LED’s — proving that the 
polarity checker is working. 

Connect a part charged cell to the 
charger and check that the unit transfers 
from discharge to charge when the 
voltage drops to 1 volt and that the 
charge current is correct for the cell 
being used. Each time a new size of cell is 
charged the charge current should be 
checked. 











Finally check that the time for 10 
cycles from the output of IC] (pin 10) is as 
close to 65.9 seconds as possible. RV1 
can be adjusted to alter the cycle time the 
accuracy of which will obviously affect 
the charge time. 


Operation 

Set S4 to the correct battery type to 
be charged. Set S3 to the correct number 
of cells, or PP3. Set S2, charge time, to 15 
hours — or 3% hours for scintered cells. 





Fit the cells to be charged in the correct 
type of battery holder and connect to the 
charger via the PP3 clip. Pressing the 
Start button or switching on the mains 
supply will initiate the discharge/charge 
cycle. 

When a battery pack is to be made 
up of cells in varying states of discharge, 
the cells must first be discharged singly 
by setting $4 to the discharge only posit- 
ion and S3 to 1 cell. Once the cells are all 
discharged they can be fitted into the 
required battery holder for recharging. 


NI-CAD CHARGER PARTS LIST 
RESISTORS: All 06.4W 1% Metal Film unless otherwise stated. MISCELLANEOUS 
R1,3,4,8,6,26,27, $l Push Switch 1 (FHB9P) 
30,32 10k 9 (MI10K) $2 Sub-Min Toggle Switch ‘A’ 1 (FHOOA) 

R2 220k I (M220K) $3,4 Rotary Switch 123 2 (FF73Q) 
R7,29,31 3902, 3 (M390R) Tl Min Transformer 6V 1 (WBO8G) 

_ R8,9,12,13 1k0 4 (MIK) Heatsink Vaned 1 (FL89P) 
R10,11,14 2k0 3 (MK) LED Clips 3 (YY40T) 
R15 1k8 1 (M1K8) DIL Socket 8-pin 2 (LITT) 
RIG 4k? I (M4K7) DIL Socket 14-pin 4 (BL18U) 
R17 1209, 1 (M120R) DEL Socket 16-pin 1 (BL19V) 
R18,20,23 240 3 (M24R) Knob KIC 2 (YX08D) 
R19 130 l (M13R) Feet Stick-on lpkt (FW38R) 
R21,24 808 2 (M5R6) Grommet Small 1 (FWSoP) 
R22 608 1 (MER8) Tie Wrap 92 4 (BF91Y) 
R25 309 1 (M3R9) Cable C6A Mains White 2m (KRO4E) 
R28 100, TW 5% Wirewound 1 (LIOR) Wire lpkt  (BLOOA) 
RV1 100k Hor S-Min Preset 1 (WRSIR) Veropin 2145 lpkt  (FL24B) 
cannons reign) Coo 
SEMICONDUCTORS oo sadipaiged gg a ; ROY) 
DL,2 1N4001 a (QL73Q) PPS Battery Clip 1 (HF 28F) 
D4 LED Yellow i (WL308) 2 aay MRT lpkt —_ (@FISU) 
DB LED Red 1 (WL27E) crs Sect ea est) eeu 
TRIS BC107B 2 (QBS) ecie > MW ek 
TR2 BD131 I FOSD 
TR4 BD140 1 (RPO) OPTIONAL 
TRS6,7 BCI77 3 (QBS26) Case Verobox 305 j 1 (LHE1F) 
Ic] 4047BE l {QX2W) Battery Holders ~ see Maplin Catalogue 
102 40208E i (QX11M) 
1C3 4013BE 1 (QXO7H) 
104 4023BE. 1 (QX12N) A complete kit of parts (excluding the case and battery holders) 
1c8 4081BE i (QWsaC) is available. 
16,7 pATAIC 8-pin DIL 2 (QL22Y} Order As LK50E (Cautious Ni-Cad Charger Kit) Price £19.95 
BRI woos 1 (Qi.378) 
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by Mike Wharto 


More Chips 

The first article in this series 
explained something of the meaning of 
the various numbers to be found on a 
‘chip’ package. So far we have dealt 
exclusively with TTL devices and de- 
scribed the use of the two main types. 
These are the standard 74’ type devices 
and the 74LS’ range, that is the Low- 
power Schottky ones So far no mention 
has been made of any of that other vast 
family of devices, the CMOS integrated 
circuits, and this will be remedied in the 
next article. 

During the last few years there have 
been great advances in the technology 
involved in the manufacture of integrated 
circuits and this in turn has led to the 
production of other types of device. 
Many of these are made as pin compati- 
ble versions of the original 74’ variety, but 
with some particular feature. Table 1 
gives a list of the types of devices 
available along with a brief summary of 
their characteristic features. The last of 
these, the 74HC and 74HCT series are 
really a development of the CMOS types 
mentioned above, but the continued 
improvements have been such that the 
previously clear-cut distinction between 
TTL and CMOS types has been eroded. It 
seems very likely that it will not be long 
before there is only one range of devices, 
probably based on the 74HC variety, 
incorporating most of the advantages of 
the other types. 


Pro’s and Con’s 

Perhaps this would be a suitable 
point at which to mention further some of 
the reasons why two ranges of devices 
have been developed in the first place. 
The standard TTL devices were the first 
on the scene, and arose out of the 
development of bipolar transistors, on 
which they are based. This was quite 
some time before MOS (Metal Oxide 
Semiconductor) devices had been in- 
vented. Although TTL got off to a head 
start, it soon became apparent that this 
technique had a natural limitation to the 
number of individual transistors that 
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Part Six 








14 Original ‘standard’ TTL range. 

T4W/74H Obsolete ranges offering lower power consump- 
tion or higher speed respectively. 

748 High speed devices using Schottky diode tech- 


niques, but increased power consumption, 
T4LS Improved version featuring both low power con- 


sumption and increased speed. 
74ALS/74F Advanced Low-power Schottky (or Fairchild Fast’) 

featuring improved speed & power consumption. 
74C CMOS versions of standard TTL devices, but with 
many devices in the TTL range not available. 
High speed CMOS devices; one of the latest 
ranges offering most of the best features of both 
CMOS and TTL devices i.e. low power and high 


1T4HC 


14HCT 


range. 


The very latest range, being a development of the 
T4HC devices, but where the input logic levels 
have been tailored to match the standard TTL 








Table 1. Summary of available TTL types 


could be packed on to the silicon chip. 
This mainly revolved around the amount 
of power dissipated by each tiny transis- 
tor, and the associated problem of 
removing the heat generated as a 
consequence. If the transistors were 
packed too closely on the surface of the 
chip then the temperature would rise to 
levels that easily destroyed the delicate 
structures. On the other hand, MOS 
transistors consumed very little power 
and hence could be packed more closely 
together without creating the problem of 
an intolerable temperature rise. Needless 
to say, the fabrication of MOS-based 
integrated circuits was not without other 
problems, for instance, their susceptibil- 
ity to static discharges, which was not 
shared by the TTL types. 

The ability to pack more MOS and 
later CMOS (Complementary Metal Ox- 
ide Semiconductor) devices led to the 
production of more complicated devices; 
that is with even larger scales of 
integration. Thus although TTL are gener- 
ally limited to small and medium scales of 
integration, SSI and MSI, the CMOS 
devices and their offspring are able to be 
produced with large, very large and now 


ultra large scales of integration, LSI, VLSI 
and ULSI. It is this sort of advance which, 
of course, has led in turn to the advent of 
the microprocessor chip, and all that it 
has brought in its wake. 

The upshot of all this is that both sets 
of devices have had some real advan- 
tages over the other; viz: 


1. TTL are much faster than CMOS. 

2. CMOS consume much less power 
than TTL. 

3. TTL are not likely to be destroyed by 
static. 

4. CMOS devices are available with 
higher scales of integration. 


As mentioned before we shall be 
diverting our attention to the CMOS 
devices in future articles. 


Three-State Outputs 


Before moving on to the main topic, it 
is appropriate to explain about one more 
type of logic output arrangement. In the 
last issue, mention was made of the 
decidedly ill-effects which can be caused 
if standard TTL outputs are connected 
together. One way round this which was 
described, is to use what are called 
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open-collector outputs. In many compu- 
ter or microprocessor based systems it is 
often necessary for devices to share a 
common line in order to form what is 
called a ‘bus’. Although it is perfectly 
possible to do this using devices with 
open collector outputs, this method is 
now somewhat old-fashioned, and has 
been superseded by a much better one. 
Many devices are now produced which 
are specifically designed with outputs 
suitable for connection to a common bus. 
These are commonly called ‘three-state’ 
outputs, since the output may be at a logic 
0, a logic 1, or a third state which is 
neither 0 nor 1, but a high impedance 
state. Forcing the output to this third state 
is effectively equivalent to disconnecting 
the device from the bus. This makes the 
interconnection of many devices sharing 
a common bus a much easier task, and 
only requires tne inclusion of an extra 
control signal to select those devices who 
may have access to the bus without 
causing any problems over bus conten- 
tion. Thus at any one time only two 
devices will be connected together, a 
sender and a receiver, (or a ‘talker’ anda 
‘listener’) whilst all the rest are 3-stated. 
Other descriptions of devices with this 
type of output which may be encountered 
are Tri-State, which is actually a trade 
mark of National Semiconductor, TSL, 
three-state logic and three-state TTL. 

The extra control pin required by 
such devices is usually labelled Enable/ 
Disable, Output Enable or Chip Select, 
and permits the logic devices to behave 
normally, or else disconnects the output 
of the device from the rest of the circuit. 
One group in particular which make use 
of this feature are memory devices, and it 
is to these we now turn our attention. 


Memory 

The idea of an electronic component 
which can store ‘data’ is not of recent 
origin, but its implementation in a 
physically small device was yet another 
step along the road to the implementation 
of the modem digital computer. It must 
be admitted at the outset though, that 
most of these devices are based on MOS 
technology and are not suitable for 
breadboard experimentation. There are, 
however, a number of standard TTL 
devices which are eminently suitable for 
such an application. One reason why they 
are useful is that their memory capacity is 
limited, just the reason why they are not 
to be found in a microcomputer! 

The particular chip we shall use to 
investigate the function of similar memory 
types is the 7489 (QX65V). 


e 

Static RAM 
The 7489 is described as a 64 bit static 
RAM, and this needs a little explanation. 
Firstly, remember that we are dealing 
with digital devices and that the ‘data’ will 
be stored as BInary digiTS or bits. The 
significance of any stored data can be 
what we want it to be; it may be just 

aiwers stored in their binary form, or it 
could be that the numbers represent the 
letters of the alphabet, or whatever. This 
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Figure la. Pin out of 7489, 64-bit static RAM 


device then, can hold just 64 bits, each 
either a 0 or a 1. The ‘static’ part of the 
description is not an indication that it will 
stand still while you look at it! Rather it 
serves to put it into one family of memory 
devices, the other most common type 
being described as ‘dynamic’. This 
second type of memory works in a rather 
different manner to the static variety and 
continually needs to be ‘refreshed’, 
otherwise it would forget what data it 
contained. The two types of device store 
bits in different ways. The static variety, 
for example,store bits by setting or 
resetting little bistable flip-flops. The 
dynamic type are based on CMOS 
technology, and store their bits as an 
electric charge on a tiny capacitor. Since 
the charge which can be held is so small 
and tends to leak away, it has to be 
‘topped up’ every so often to maintain the 
data intact. Typically, the time between 
successive refreshes will be about 1 
millisecond, and in a microprocessor- 
based system this will be carried out 
automatically, and is one reason why they 
are unsuitable for breadboard experi- 
ments. 

The RAM part of the description, as 
some readers may well know, stands for 
Random Access Memory. This again puts 
it into a particular family of memory 
devices, the other main family being the 
ROM’s or Read Only Memories. These 
two descriptions are a little misleading, 
especially in the case of the RAMs. 
Essentially what it means is that any 
location within the devices can be 
accessed with equal ease, rather than 
them each having to be accessed in 
sequence until the desired location is 
reached. 
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Figure 1b. Logic diagram of 7489 


Functional Groups 


So much for a general description of 
semiconductor memory, now for a look at 
the 7489 in particular. Figures la and lb 
show two pin-outs of this device. Figure 
la is the usual one, showing the function 
of the various pins. Figure lb is simply a 
rearrangement of the pins into their 
respective groups. Here again, some 
explanation will be in order for the 
beginner. 

The arrangement of pins on the 
package is arrived at for the convenience 
of the manufacturer, and Figure 1b shows 
a logic diagram which is more helpful 
when drawing up complicated circuit 
designs, rather than slavishly following 
the pin-out and ending up with a ‘rats 
nest’ of interconnecting lines. The groups 
of connections associated with any 
memory device are: 


1. Address lines. 
There are four of these on the 7489, 
shown on the diagram as AO to A3. 


2. Data lines, 

_ These are shown as D1 to D4 and also 
Ol to O4. In the case of the 7489, data 
being fed into the device enters along the 
Input lines D1 to D4, whilst data leaves 
along Output lines O1 to O04, The over-bar 
on this last set indicating that the data 
leaving any location is the inverse of that 
which was fed in. Thus a 0 will be output 
as a l, and vice versa. 


3. Control lines. 

The 7489 has two control lines, labelled 
as CS and WE; here again the over-bar 
indicating that they are both active low 
and need to be taken to logic 0 to have 
the required action. CS stands for ‘Chip 
Select’ and WE for ‘Write Enable’. 

4. Power lines. 

Finally, of course, power needs to be 
supplied to the chip, which in this case is 
just +5V to Vcc and OV to GND; many 
other memory devices often require 
several other voltages. 


LJ e 
Memory Circurt 

The design of the circuit to put the 
7489 through its paces is shown in Figure 
2. This is slightly complicated and 
requires careful assembly on a bread- 
board. One tip for anyone wishing to 
assemble this circuit is to make a copy, (a 
photo-copy if you’re that lucky) and to 
check off each connection on the 
diagram as it is made. Also it pays to be 
neat and methodical, by making connec- 
tions to each pin of a device in order, 
Starting at pin 1 and working round the 
pins in turn. Neatness alone is no 
particular virtue, but it makes life a little 
easier if your circuit doesn’t work 
perfectly first time; if the only way to sort 
out a rat's nest of wires is to dismantle it 
and start again you might just as well 
have taken the time to do it right in the 
first place! 

The purpose of this circuit is quite 
straight-forward; that is, to fill each 
location or ‘address’ in the 7489 with a 
binary number or ‘data’. This is achieved 
by setting the address lines to a particular 
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binary value, then setting the data lines in 
a similar fashion, and finally writing the 
data into the address by pulsing the Write 
Enable pin low momentarily. The address 
and data line logic levels could be set up 
using wires which are swapped over 
between logic 1 and 0 in order to 
produce the desired combination, but at 
this stage it would be a lot more 
convenient if DIP switches were used. A 
total of eight switches are needed, four 
for addresses and four for data, and an 
octal version (XX27E) would be suitable. 

The data output from the device is 
inverted, and the purpose of the four 
gates from the 7404 is to invert it back to 
its true form. The outputs of the 7404 are 
then connected to the four LED's in order 
to display the value of the binary data at 
any particular address; as usual, a logic 1 
is represented by a lit LED. Although not 
shown on the circuit diagram, four more 
LED’s could be connected across the 
address lines in order to display the value 
of the address selected on the DIP 
switches, but this is by no means 
essential. 

The sequence of Writing to a 
memory location is to set thes DIP 
switches to the required value, say all at 
logic 0 for the first address. As the 
switches are changed, with the ‘power 
tumed on of course, the Output LED’s 
may change, indicating the contents of 
any other addresses selected. After first 
Switching on it is very likely that the 
addresses will contain random numbers 
or all logic 1's or 0’s. Having set the 
address then set the required Data using 
the other four DIP switches. This data is 
then written into the chosen address by 
taking the Write Enable pin to logic 0. 
This can be done simply by moving a 
wander lead from logic 1 to logic 0, or by 
using a push switch as shown in the 
diagram; it is immaterial whether it is 
debounced. On pulsing the WE pin low 
like this, the LED’s indicating the data 
output should change to the same value 
as that set_on the data input switches. 
With the WE pin back at logic 1 the next 
address and data value can be set up, 
and then written into memory by pulsing 
WE low. This procedure may then be 
repeated for the whole of the 16 possible 
addresses. 

In order to inspect the contents of a 
particular address it is only necessary to 
set up the appropmiate value on the DIP 
switches, when the output LED's will 
display the data contained at that 
address. If the power is disconnected, 
even for a fraction of a second, then all 
the data stored will be lost and replaced 
by random ‘garbage’. For this reason 
such memory devices are also known as 
‘volatile’, since if power is removed the 
stored data ‘evaporates’! 


Organisation 
Of Memory 

This arrangement of setting data and 
addresses by the use of switches is rather 
tedious, but it does demonstrate the basic 
steps involved with nearly all memory 
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Figure 2. Circuit for investigating the 7489 


devices in filling them with information. 
Of course in this device which has four 
address lines there are only 16 possible 
unique locations at which to store data. 
Each location is arranged to hold four bits 
of data, hence 16 x 4 = 64 bits in total. An 
important aspect of any device is how the 
memory is organised; in this instance it is 
as sixteen 4-bit words. A typical device 
which might be found in a microcompu- 
ter is the 2114 static RAM. This is 
described as a 4K memory chip, and this 
means that it can hold a total of 4096 bits, 
since in computer parlance 1K (not 1k) is 
not 1000 but 1024, being 2 raised to the 
power of ten. These 4096 bits are 
organised as 1024 4-bit words. Another 
common device found in similar applica- 
tions is the 4116 dynamic RAM. This one 
is described as a 16K device, and in this 
case the memory is organised as 16384 x 
1-bit words (16 x 1024 = 16384). For this 
device to be used in practical designs, 
where useful word lengths are needed, it 
is necessary to connect them in parallel. 
For example, if an 8-bit word is required 
then eight 4116's are used, giving a total 
amount of memory of 16 Kilobytes, 
usually written as 16K, as eight bits equal 
1 byte. In fact a byte can be any length, 
but if other than eight it is usually first 
stated in the manner: 4-bit byte or 16-bit 
byte for example. 


Sequential Addressing 


The method of setting the Address 
and Data lines with switches can be 
improved upon by the use of a device 
which was used in the last article. This is 
the 7493 counter, and Figure 3 shows how 
two such devices can be used to replace 
the eight DIP switches of the previous 
circuit with just two push switches. With 
this design it is possible to obtain the 
required values of address and data by 
sequencing the 7493’s in turn and then 
pulsing the WE pin low, as before. This 
makes entry of the sixteen values much 
quicker and easier, even though the full 
range of addresses has to be sequenced 
through until a particular one is obtained. 

The final circuit, shown in Figure 4, is 
a combination of this design and the one 
from the last issue. To refresh your 
memory, this was using a 7493 to produce 
a 4-bit binary sequence to drive a 7448 
T-segment decoder/driver. The 7493 
produces a fixed sequence of binary 
outputs, being the binary equivalent of 
the numbers 0 to 15. In Figure 4 the 7489 
memory chip has been inserted between 
the output of the 7493 counter and the 
input to the 7448 decoder/driver. Now, by 
sequencing through the addresses to the 
7489 it is possible to enter any value of 
4-bit word, and this will then be produced 
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Figure 3. Use of a 7493 to sequence the address and data lines 


















































Figure 4. Circuit for using the 7489 with a 7448 7-segment decoder/driver 


as the input to the 7448. Thus, it is easily 
arranged to alter the fixed sequence of 
numbers on the 7-segment LED to any 
that is desired. For example, by storing 
the binary equivalents of 15 down to 0, 
the display will count down as the 
addresses are sequenced, rather than 
count up. Alternatively, data may be 
stored which produces a random count- 
ing sequence, or one which replaces the 
six illegal inputs for the 7448, i.e. those 


other numbers. 


which produce either a blank or a 
meaningless display, with a repeat of 


This last circuit will require a fair 
amount of time and patience to wire up 
on a breadboard, and if it doesn’t work 
properly first time then you will have to 
supply the necessary logic to sort out the 
errors! This again requires a methodical 
approach, trying to narrow down the area 
containing the mistake(s). Avoid the 


temptation to change connections at 
random or without any plan of action; the 


first thing to check is if you have made 


the correct connections to Vcc and 
Ground to each chip before you set about 
wholesale dismantling of the circuit. 
Hopefully you will meet with success and 
have gained invaluable first-hand experi- 
ence in the use of these devices, and be 
well prepared to tackle those contained 
in the next article. 





NEW ITEMS PRICE LIST Continued from page 15. 


WM62S Introducing Dragon 
Machine Code by Ian Sinclair. 
Price £8.95NV 


WM63T The Electron Programmer 
by S.M. Gee & M. James. 
Price £6.95NV 
WM64U The Electron Book by J. 
McGregor & A. Watts. 
Price £9.98NV 
WME65V Assembly Language Pro- 
gramming on the Electron by John 
Ferguson & Tony Shaw. 
Price £9.48NV 


CAPACITORS 
FG75S AM/FM Varitune Capacitor. 
Price £1.72 
COMPUTERS 
YK76H Floppy Disk Album. 
Price £5.95 
YK82D Computer Disk Cleaner Kit. 
Price £13.95 
YK83E Computer Cassette Cleaner 
Kit. Price £11.20 
YK87U Flip 'n’ File Minibox 15. 
Price £6.78 
YK88V Flip 'n’ File Keybox 285. 
Price £22.95 
YK89W Tape & Disk Cleaning Fluid. 
Price £4.99 
YK90X Anti-Static Foam Cleaner. 
Price £3.25 
YK91Y Anti-Static Screen Cleaner. 
Price £3.99 
YK92A Anti-Static Spray. 
Price £4.49 
YK93B Safesolve Cleaning Solvent. 
Price £5.75 
YK94C Pressurised Air Duster. 
Price £4.25 
YK9SD Anti-Static Polish. 
Price £3.75 
YK96E Flip 'n’ File Standardbox 50. 
Price £16.95 
YK97F Flip 'n’ File Minibox 10. 
Price £4.49 
YK98G Data Buds 100. Price £2.75 
YK99H Data Wipes 150. Price £9.60 


CONNECTORS 
BK7Z9L 0.156 inch 2 x 22 Way P.C. 
Edgecon. Price £3.50 
BK84F 18 Way R.A. Minicon Plug. 
Price 92p 
BK85G 18 Way Latch Minicon Plug. 
Price 84p 
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BK86T 18 Way Jumper Cable. 


Price £4.82 
BK96E 34 Way IDC Socket & Cable. 
Price £3.85 
BK97F 2 x 20 Way P.C. Edgecon. 
Price £1.60 
BK98G Budget 3-pin XLR Line Plug. 
Price £1.20 
BK99H Budget 3-pin XLR Line 
Socket. Price £1.25 
FG76H Budget 3-pin XLR Chassis 
Plug. Price 95p 
FG77J Budget 3-pin XLR Chassis 
Socket. Price £95p 
FG78K XLR Type PCB Connector. 
Price 35p 
HARDWARE 
BK83E Loudspeaker Clamp Kit. 
Price £1.79 
BK87U Snap Rivet (Pack of 10). 
Price 20p 
FG79L Flexible Nylon Handle. 
Price 79p 
HEATHKIT 


HG46A Regulated High Voltage 
Power Supply IP-2717A 


Price £239.95 
HP03D Microcomputing Course 
EC-1000. Price £39.95NV 


For Passive Circuit Design Course 
EE-1001: 
HS23A Classroom Text EB-6001. 
Price £18.95NV 
HS24B Workbook EB-6001-40. 
Price £12.95NV 
HS25C Instructors Guide EB-6001- 
50. Price £10.75 
HS26D Parts Kit EB-6001-30. 
Price £15.95 
For Transistor Circuit Design 
Course EE-1002: 
HS27E Classroom Text EB-6002. 
Price £20.95NV 
HS28F Workbook EB-6002-40. 


Price £12.95NV 

HS29G Instructors Guide EB-6002- 

50. Price £10.75NV 
HBS30H Parts Kit EB-6002-30. 

Price £25.95 

HSS8N Robot Applications Course 

EE-1812. Price £114.95 


HS59P Microprocessor Applications 
Course EE-3405. Price £114.95 
HS60Q Battery Life Tester GD-1703. 

Price £21.95 


PROJECTS & MODULES 
GB26D TTL/RS232 Converter P.C.B. 
Price £1.62 
GB27E ZX81 1K Extendi-RAM P.C.B. 
Price £3.20 
GB32K Latchcard P.C.B. Price £2.20 
GB33L Spectrum ADC P.C.B. 
Price £2.80 
GB34M Spectrum DAC P.C.B. 
Price £2.84 
GB35Q Digi-Tel Expansion P.C.B. 
Price £25.95 
GB36P Logic Pulser P.C.B. 
Price £1.32 
GB40T Frequency Mtr Adaptor PCB 
Price £1.42 
GB41U VIC 20 Extendiboard P.C.B. 
Price £5.75 
GB43W ZX81 Hi-Res Graphics PCB. 
Price £11.99 
GB44X Personal Stereo DNL PCB. 
Price £1.96 
GB45Y Oric Talkback P.C.B. 
Price £3.62 
GB47B Spectrum Keyboard P.C.B. 
Price £10.72 
GB48C Spectrum Kbd Conn PCB 
Price £1.96 
GBSO0E TDA 7000 Radio P.C.B. 
Price £1.82 
GBSIF 2.8kKW Power Controller 
P.C.B. Price £2.38 
GB52G Fluorescent Tube Driver 
P.CB. Price £1.96 
GB54J Auto-WaaP.C.B. Price £1.99 
GBS55K Oric Maplin Modem Inter- 
face P.C.B. Price £3.25 
GBS6L Dragon Extendiport P.C.B. 
Price £3.25 
GB57M Spectrum Easyload P.C.B. 
Price £3.62 
GBS59P 80 Metre Receiver P.C.B. 
Price £2.75 
LK16S ZX81 1K Extendi-RAM Kit. 
Price £8.95 
LK17T TTL/RS232 Converter Kit. 
Price £7.98 
LKI19V Logic Pulser Kit. 
Price £5.95 
LK20W Frequency Mtr Adaptor Kit. 
Price £9.25 
LK22Y VIC 20 Extendiboard Kit. 
Price £29.95 
LK23A ZX81 High Res Graphics Kit. 
Price £27.50 


LK24B Latchcard Kit. Price £6.95 
LK25C Spectrum DAC Kit. 
Price £17.95 
LK26D Spectrum ADC Kit. 
Price £27.95 
LK27E Personal Stereo DNL Kit. 
Price £8.95 
LK28F Oric Talkback Kit. 
Price £23.95 
LK29G Spectrum Keyboard Kit. 
Price £28.50 
LK30H Spectrum Kb Adaptor Kit. 
Price £6.50 
LK32K TDA 7000 Radio Kit. 
Price £11.70 
LK33L Infra-Red Movement Detect- 
or Kit. Price £34.95 
LK34M 2.8kW Power Controller Kit. 
Price £18.95 
LK35Q Fluorescent Tube Driver Kit. 
Price £7.75 
LK36P Auto-Waa Kit. Price £11.95 
LK37S Digi-Te] Expansion Kit. 


Price £129.95 

LK39N Spectrum Easyload Kit. 
Price £9.95 
LK40T Oric Maplin Modem Inter- 
face Kit. Price £13.95 

LK4l1U 80 Metre Receiver Kit. 

Price £15.95 
QYS58N 2716/Ms. Price £8.50 
QY600Q 2716/M5. Price £10.50 


XG35Q Spectrum Case. Price £4.95 
XG36P Spectrum Ready-built Key- 
board (including adaptor & case). 
Price £44.95 

YK77J Spectrum Keytop Print. 
Price 68p 


SEMICONDUCTORS 
QY56L 7581 ADC. Price £19.95 
QY59P 7418260. Price 84p 


SOUNDERS & SPEAKERS 
YK84F VDU/Speaker Stand. 
Price £15.95 
YK85G 12V DC 6 inch Dome Bell. 
Price £9.95 


WOUND COMPONENTS 
HX77J Trans Coil 3T Blue. 
Price £2.20 
HX78K Trans Coil 3T Red. 
Price £2.20 
YK86T Transformer 
24V/24V. Price £13.95 
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by Dave Goodman 


Electro-mechanical interfaces for 
use in modelling, robotics and control 
systems can be difficult to produce with 
any accuracy, especially if facilities or 
finances are limited; therefore this article 
describes construction of a complete 
servo mechanics kit and small driver 
module (37 x 25mm). The project is easy 
to build and the cost very reasonable. 
Both servo and PCB are small and 
lightweight, these being important 
criteria for use with such models as 
aircraft or small power boats, although 
the PCB is not so small that construction 
requires a degree in micro-technology! 

Robotics ‘buffs’ could find servo's 
useful for producing arm lift and rotation- 
al movement or perhaps steering control 
of wheels. The necessary electrical 
control signals are generated from port 
scanning routines and FOR— NEXT loops 
in BASIC, which is quite fast enough for 
successful operation. 
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Proportional Control 


A servo consists of an electric motor 
with gear box, rotating arm, for transfer- 
ring movement, and a feedback potentio- 
meter. Connecting a suitable voltage 
across the motor causes high speed 
rotation which is geared down to 
produce a final drive of one revolution 
every two seconds — at high torque. The 
drive arm continues rotating as long as 
power is applied, this is not the required 
state of affairs, as positional control of the 











Figure 1 Circuit Diagram 
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Figure 2 Artwork & Legend 












































arm is necessary. Positional or prop- 
ortional control is achieved by con- 
tinuously pulsing the motor in small steps. 
The gearbox drives the wiper ofa 
potentiometer the resistance of which 
varies with each step, this variation is 
sampled by the control module. When 
the arm reaches the desired position, 
drive signals to the motor are inhibited, 
preventing further movement. 


Circuit Description 

IC] requires a positive going, pulse 
width modulated signal of between 0.5 
and 2.5mS repeated every 20mS (50Hz). 
This 20mS repetition, or frame rate, is 
standard for most proportional radio 
control transmitter/receiver systems (Fi- 
gure 7). Servo arm rotation (of 0 to 180 
degrees) is determined by the pulse 
width, with the centre position (90 
degrees) equal to half maximum pulse 
width, viz. 1.5mS. Rl and C2 are 
mono-stable timing components which 
produce a fixed time period, used for 
reference and comparison of the incom- 
ing signal. C1 sets the ‘dead band’ or area 
of non-movement, which corresponds to 
a centre loaded joystick used with radio 
control transmitters. This area around 
1.5mS can be increased or decreased by 
altering the value of Cl, but it should be 
kept below 2.2nF — otherwise the pulse 
expansion timing becomes obscured. R2 
and C3 expand the control pulse to suit 
the servo motor used, the values given 
are correct for the system described in 
this article. IC output pins 7 and 8 both 
sit at 1.75V DC under quiescent condi- 
tions. During operation one of these 
outputs pulses high and the other pulses 
low, e.g. increasing pulse width from 
0.5mS to 2.5mS causes pin 7 to = OV (not 








4001BE 


Pinl4=+5V 
Pin7 =OV 














0:2 to 2:5mS 
20mS Osc. Monostable 
Frame Generator P.W.M. 
Figure 3 Test Circuit 
e 
Q) and pin 8 = +V(Q). Decreasing pulse PCB Construction 


width from 2.5mS to 0.5mS causes pin 7 to 
= +V(Q) and pin 8 = OV (not Q). Putting 
the servo under a heavy load condition 
will produce supply current drains of 
150mA or more which the IC, with 7mA 
max. output drive, is unable to cope with. 
Therefore TR1 and TR2 are used to 
switch the +V rail to the motor, receiving 
base drive from pins 5 and 9. A regulated 
+2.2V reference voltage level is derived 
from pin 2 and connects to the servo 
potentiometer. As the wiper moves a 
voltage swing of +1.7V to +2.2V is 
developed on pin 3 this modifies the 
monostable timing thus increasing or 
decreasing output drive to the motor. A 
percentage of back EMF signals from the 
motor are connected via R5, along with 
the controlling signal, to the monostable 
reference input; this helps to prevent 
overshoot on faster servo mechanisms. 
The values of R5 and R6 can be altered by 
up to 10%, if necessary, to accomodate 
this. 





Insert resistors R1 to R6 and capaci- 
tors Cl to C4. C2 to C4 are polarised 
types and must be fitted correctly, with 
the longest lead marked witha + sign to 
the + sign on the PCB. Insert 8 Vero pins 
(if required) from the track side of the 
PCB and press home with a soldering 
iron. Solder these pins and components 








Connections 
to PCB 

las short as 
pos. 2"~3" | 


Feedback 
Preset 


Motor 


Note: PR1 &PR2 can be reversed 
if excessive jitteroccurs. 
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Figure 5 Servo to PCB Wiring 














ASSEMBLY INSTRUCTIONS 
FOR SERVO MECHANISM. 
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Figure 4 Mechanics Assembly 
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Figure 6 Servo Operation 


and remove excess wire ends. Fit IC] 
and both transistors and carefully solder 
them in place. Clean the board and 
inspect for mistakes, short circuits, etc. 


Servo Construction 


The diagram in Figure 4 shows the 
servo assembly, but a few points need 
explaining in more detail. Snap off one of 
the contact spacers and remove the 
casting piece. Fit the brass preset contact 
over the spacer so that the key fits into 
the slot. Note that the contact mounts over 
the face moulded with a small bush 
protrusion — not the larger bush face! 
Gently bend both brass lugs over so that 
the contact is held firmly to the spacer. 
Next carefully press the assembly onto 
the gearbox spigot as shown, ensuring 
that the wiper is facing outwards. This job 
is a bit fiddly and great care must be 
taken to avoid damaging the wiper. Place 
the cermet preset (terminals facing 
outwards!) over the wiper and line up two 
of the four available slots with two screw 
mounting holes. Insert the self tapping 
cross-head screws and tighten down just 
enough to grip the preset edges, over- 
tightening will break the body and 
obviously should be avoided. Place the 
small brass gear over the motor shaft and 
press home. Fit the motor onto the 
mechanism housing by pushing and 
twisting, the fit is made tight to prevent 
the motor from turning when in use. 


Servo and 
PCB Wiring 


Figures 2 and 5 show the five 
connections between the servo and PCB. 


Figure 7 Control Signal 


In fact motor connections M1 and M2 can 
be reversed as can preset connections 
PR1 and PR2 although the wiper W 
connection must be as shown. Keep 
wiring between the units as short as 
possible to prevent excessive motor RF 
from being induced into the preset 
circuitry, otherwise operation may be 
erratic. The PCB has been made the 
correct size for fitting onto the side of the 
servo box and quick stick pads can be 
used here to advantage — as shown in the 
photograph. 


Testing 

Asuitable +V pulse transmitter/ 
receiver system can be used, or for 
convenience the test circuit shown in 
Figure 3 can be constructed — to 
produce a 20mS frame and variable 0.5 to 
2.5mS pulse width, using the values given. 
Asuitable 4.2 to 6.5V supply will be 
required, such as four AA Ni-Cads ora 
126 type dry battery. The power supply 
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used should be capable of delivering up 
to 1 Amp without the + V rail dropping, 
otherwise problems will be encountered. 
Connect up the supply rails and 
switch on, a slight ‘glitch’ may occur, but 
nothing more. Input the PWM signal and 
make a return path by connecting the 
servo ground (0V) to the signal source 
ground. If using the test circuit (Figure 3) 
from the same power supply you will 
require a large de-coupling capacitor 
fitted across pins 7 and 14 of the 4001 IC, 
to prevent amplitude modulating the 
PWM signal; 470uF to 1000uF should 
suffice. Move RV] or your transmitter 
joystick from centre to full clockwise or 
full anti-clockwise, whereupon the servo 
arm should follow suit. If the motor drives 
continuously or jitters excessively, re- 
verse PR] and PR2 connections. In case 
of malfunction various voltage levels 
should be checked with a high impe- 
dance voltmeter or oscilioscope, refer- 
ring to the circuit description as a guide. 





SEMICONDUCTORS 
; (M100K) ICl ZN4igCE 1 (PReRA) 
1 (M180K) TRL TRA CSI 2 (Beery) 
i (M4K7) 
1 (Maka) MISCELLANEOUS 
2 (M3302) Serexinver POR 1 SGBSSY) 
Varopins 2145 lpkt (FL2é®) 
Servo Mechaniarn I (YGMO) 
1 (wxtom) Miniature Motar 1 (¥G12n) 
1 (WW) ; ; , 
1 CWWsen) A complete kit of parts is available. 
} Wess) Order As LK45Y (Servodriver Module Kit) Price £9.75 
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by Graham Dixey C.Eng., M.LE.R.E. 


The 6522 Versatile 
Interface Adapter (VIA) 


This member of the 6502 ‘family’, 
whose architecture is shown in Figure 1, 
allows the 6502 MPU to be connected to 
the outside world in order to perform 
useful functions. In Part Four of this series 
we saw how to program the input/output 
ports of the computer in order to decide 
which lines were inputs and which 
outputs, and also how to send data to or 
fetch data from external devices. The two 
input/output ports, which we referred to 
as Port A and Port B, actually occupy 
space on a chip such as the 6522 (there 
are alternatives) and are represented by 





the Data Registers and the Data Direction 
Registers for these ports. However there 
are other functions on this particular chip 
which earn it its description — versatile. 

Figure 2 shows that the 6522 has 
sixteen registers, the low bytes of their 
addresses occupying the range 00 to OF. 
For example, DRB (data Register B) has 
its low byte as 00 so that, if the 6522 is 
located on Page 9 of the memory map (as 
it was in the last article and will be in 
future), then its full address will be 0900; 
similarly DDRB is at 0902, DRA and DDRA 
are at 0901 and 0903 respectively. But you 


Part Five 


OS0F. This is because the DRA at 0901 has 
a ‘hand-shaking’ facility whereas the one 
at O90F doesn’t — more of this later. The 
important thing to grasp at the moment is 
that there are sixteen memory-mapped 
registers i.e. registers that are accessible 
to the programmer merely by treating 
them as any other memory locations. 
What we must now find out is what these 
registers do and how to make use of 
them. However, I do not propose to 
describe each of them now but will treat 
them as they arise in the process of 
actually making use of them. The first 
ones that we will consider are the control 


may have spotted that there are actually 


TWO DRAs, the other being located at registers. 
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Figure 1. 6522 Architecture 








Figure 2. The 6522 Registers and Addresses 
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The 6522 Control 
Registers 


There are two of these and one of 
them, the Peripheral Control Register 
(PCR) is shown in Figure 3. This register 
is associated with the four control lines 
CA1, CA2, CB1 and CB2 which appear on 
the right of Figure 1. It is the use of this 
register that allows the hand-shaking 
procedure mentioned earlier to be 
carried out. The question then is ‘what is 
hand-shaking’? 

Suppose a printer is being fed with 
data from the micro. If the printing speed 
is 80 C.P.S.(characters/sec.), then it takes 
1/80s or 12.5ms to print out a single 
character. This may not sound long but, to 
put it into perspective, remember that it 
takes only 2 or 3 micro-seconds to carry 
out a single instruction within the 6502. To 
determine when the printer is ready for a 
new character the printer sends a 
READY signal to the 6522. This is in the 
form of a pulse or level transition which is 
detected and latched by the 6522 and 
tested by the program. This READY 
signal is received at either CAl or CBl 
depending upon which port has the 
printer connected to it. Upon its receipt 
an internal ‘interrupt flag’ is tripped. As 
already mentioned this signal can be 
either a pulse or a level transition. It is 
possible to determine whether the events 
are to be initiated by a high-low or a low- 
high transition or, in the case of a pulse, 
whether it is the leading edge or the 
trailing edge that makes things happen. 
This is done by programming the bits 0 
and/or 4 of the PCR (see Figure 3). 
Programming a ‘0’ into either of these two 
bit positions specifies a response to a 
high-low transition, while programming a 
‘l’ into either position makes the system 
respond to a low-high transition. This can 
be illustrated by a short segment in 
Assembly Code. 

Suppose that for Port A the response 
should be to a high-low transition, while 
Port B must respond to a low-high 
transition. This situation can arise if two 
different peripherals are separately conn- 
ected to the two ports. This is carried out 
as follows. 

LDA #XXX1XXXO (in binary) 
STA PCR 

The Xs merely indicate that, for the 
moment anyway, bits 1-3 and bits 5—7 
have not been specified. Naturally, we 
would have to know what they should be 
in order to specify the HEX data for the 
LDA operation. For example, if it could 
be assumed that the Xs could, in fact, all 
be Os, then the data in HEX would be 10. 
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Figure 3. The Peripheral Control Register (PCR) 


But, for the moment, let us just focus 
attention on bits 0 and 4. What we have 
now achieved is to set up control lines 
CAl and CBI so as to make the 6522 
respond to the appropriate level changes 
from the peripherals. 

It has been mentioned that, when 
such a signal is received, an internal 
interrupt is triggered. This event takes 
place in the Interrupt Flag Register (IFR) 
(see Figure 4) and affects the status of 
either bit 1 or 4 of this register (for 
controls CAl or CBI] respectively). 
These bits are normally ‘0’ but go to the 
logic ‘]’ level when a transition on either 
CAl or CB] has been detected. There- 
fore, by checking these bits (flags) it is 
possible to find out whether a peripheral 
has signalled the micro for attention. 
Once data has been sent or received via 
the Data Register the flag automatically 
resets ready for the next time that a signal 
is sent out. 

The question that now naturally 
arises is ‘how can the flags in the 
Interrupt Flag Register be tested’? Since 
this register is memory mapped, it can be 
treated exactly as any other memory 
location and its contents can be loaded 
into the Accumulator. Then, in order to 
test the flag for CA1, for example, this bit 
must be selected by, say, a masking 
operation. e.g. 

LDA IFR Load contents of IFR into A 
AND #02 makes all bits other than bit 
1 equal to zero (02=00000010) 

The next instruction would probably 
be a branch to act upon the result of the 
AND operation. (This ‘masking’ operation 
was dealt with in Part Four of this series, if 
you are unsure of it you are recommend- 
ed to refer back). 


The Input/Output 
Latches 


Figure 1 shows that associated with 
each port is an input latch (IRA and IRB). 
This reveals a slight curiosity. Data output 
from the micro to a peripheral is always 
‘latched’ (held in DRA or DRB) but data 
input to the micro from a peripheral need 
not necessarily be latched. It is the choice 


of the programmer. Whether input data is 
latched or not is determined by the values 
of bits 0 and 1 of the Auxiliary Control 
Register (ACR), shown in Figure 5. Bit 0 
controls the Port A latch while bit 1 
controls Port B latch. Programming these 
bits to be ‘ls’ causes latching to occur; 
programming them as ‘0s’ means that 
latching does not take place. In the latter 
mode the program reads the data actually 
present at that instant on the input lines to 
the micro. When latching is employed, 
enabling of the latch occurs each time that 
a transition on CA1 or CB] is detected, 
depending on the port in question. 

Having now digested (one hopes!) 
the above information, it can now all be 
tied together with an application 
example. Figure 6 shows two peripherals, 
A and B, connected to ports A and B 
respectively of a 6522 VIA. Each periphe- 
ral has a READY line, CAl and CB] 
respectivly. Peripheral A supplies data to 
the micro at a rate determined by some 
time-constant which is capable of variat- 
ion. The data, in analog form, comes from 
a transducer which could be measuring 
temperature, wind speed, liquid level, or 
any other quantity you wish to name. A 
conversion is made from analog to digital 
form and this is input to Port A of the 6522. 
Control CAl goes down from logic 1 to 
logic 0 whenever the micro is to receive a 
data sample. This sample is read by the 
computer which classifies it and sends 
out to the printer a character which 
typifies the class. The printer has a 
READY line which connects to CB] and 
indicates the READY state with a low- 
high transition. The output to the printer is 
in 8-bit parallel format. Input data is to be 
latched. 

What has to be done is to wmite a 
program that achieves the objectives 
outlined in the foregoing description. To 
do this well requires a tidy, logical 
approach. The first step is to state the 
objectives clearly so that it is obvious 
exactly what the program is expected to 
achieve. This will now be done for the 
data transfers between the micro and the 
peripherals; the data handling part of the 
program is outside the scope of the 
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Figure 4. The Interrupt Flag Register (IFR) 
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Figure 5. The Auxiliary Control Register (ACR) 
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LABEL MNEMONIC DATA 


LDA #00 
STA DDRA 
LDA #FF 
STA DDRB 
LDA #10 
STA PCR 
LDA #01 
STA ACR 


COMMENTS 
Initialises Port A as input 


Initialises Port B as output 
Initialises CAl —ve acting 


CB1 +ve acting 
Initialises ACR bit 0 so that 


data input to Port A is latched. 


(This completes the initialisation block on the flow-chart) 


WAIT! LDA IFR 
AND #02 
BEQ WAIT 
LDA DRA 


Load A with contents of interrupt 


flag register 

Mask all bits except bit 1 
Test whether bit 1 is ‘0’ or ‘1’ 
Fetch input data from Port A 


(This completes the next two blocks on the flow-chart) 


JSR SUB1 
WAIT2 LDA IFR 
AND #10 
BEQ WAIT2 
STX DRB 
(This completes the next two b 
JMP WAIT 


(This completes one cycle and 
Figure 8. Assembly Code Program 


Peripheral A 


data) 


Transducer 
‘Data ready>~ 


Peripheral B 
(Printer) 








Printer ready’ 





Figure 6. Using the 6522 with Peripherals 


present discussion. 
(a) Initialise DDRA and DDRB so that 
Port A acts as inputs; Port B acts as 
outputs 
(b) Initialise PCR so that 
(i) CA] is negative acting 
(ii) CB1 is positive acting 
(c) Initialise ACR so that input data is 
latched. 
(d) Program must include 
(i) loading A with data at Port A 
(ii) sending characters to printer 
(iii) in both cases (i) and (ii) 
test the flags for the READY state. 

A flow-chart often helps to clarify 
ideas and test the logical process on 
paper. Figure 7 shows the essential main 
steps and includes three loops which 
must be considered. First, there is the 
main loop, which keeps the process going 
indefinitely, ‘jumping’ back to the begin- 
ning of the program for fresh samples. 
Within this loop are two minor loops, 
which each perform a ‘waiting’ function. 
These will obviously contain conditional 
instructions (i.e. branches) since they 
embody decisions. The program in 
Assembly Code is shown in Figure 8. 





Go to data handling sub-routine 


and return 


Load A with contents of interrupt 


flag register 
Mask all bits except bit 4 
Test whether bit 4 is ‘0’ or ‘1’ 


Send X register contents to Port B 


locks on the flow-chart) 
Go round again 
returns to start) 


Initialise 


sample 






Process & 
classify 
sample 









Send 
character 
to printer 















Figure 7. Flow-Chart for the System 


in Figure 6. 





Note the following: 

(a) Once the ports have been initialised, 
this procedure is not repeated. If the 
return loop went back to line 1 instead of 
WAIT], the program would still work but 
it would be slowed down. 

(b) The X register has been used to hold 
the character ready for the printer (it 
would have been loaded with this 
character during the sub-routine). Had 
the character been held in a memory 
location instead it would have been 
necessary to perform, say, an LDA 
operation once the test on the accumulat- 
or had established the presence of an 
interrupt (thus wasting time). It is not 
possible to transfer data direct from a 
memory location to the ports, only from 
A, X or Y. Since A is in use to test flag 
Status, it is better to use either X or Y 
instead, 

The program can now be encoded 
into Machine Code. It will reside on Page 
0 (though it doesn’t have to) and will start 
at location 0020. The data handling sub- 
routine is assumed to start at location 
0300. 


Machine-Code Program 


Program Op-Code Byte2 Byte3 
Counter 


0020 Ag 00 = 
0022 8D 03 09 
0025 AQ EP = 
0027 8D 02 09 
002A AQ 10 = 
002C 8D 0C 09 
002F AQ 01 = 
0031 8D OB 09 
0034 AD 0D 09 
0037 29 02 S 
0039 FO FA = 
003B AD 01 09 
003E 20 00 03 
0041 AD 0D 09 
0044 29 10 = 
0046 FO FA > 
0048 8E 00 09 
004B 4C 34 00 


It is strongly suggested that you 
check the encoding of this program 
against the tables of op-codes given 
previously. This is quite easy as it is just a 
line-for-line comparison with the Assem- 
bly Code program. Check the data for the 
branch lengths at addresses 003A and 
0047 (FA in both cases) to make sure that 
you understand how this data was 
calculated. If necessary refer back to Part 
Two of this series to brush up on the 
procedure. Check the addresses used for 
the various 6522 registers against Figure 
2, remembening that, for our purpose, the 
VIA has been assumed to be on Page 9 of 
the memory map so that all register 
addresses are preceded by 09; eg. 
address of the ACR is 090B. However, in 
the machine-code program any address 
specified by two bytes is always written 
‘low-byte first’ i.e. OBOS. 

In the next part we will return to the 
6522 to discuss the timers, shift register 
and subleties. 
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by Nigel Fawcett 
introduction 


This project, as the title suggests, is a 
variation of the very popular fluid 
detector circuit, only here it has been 
taken a stage further, and has therehy 
increased the range of applications for 
such a device. When building a 
darkroom and workshop into a garage 
recently, it was deemed necessary to 
have a sink with hot and colci ninning 
water. Getting the water in was no 


problem, but getting it out again was a - 


different matter. The garage was 
considerably lower than the house, and 
did not have immediate access to any 
main drainage point. 

The only solution was to pump the 
water back up to house level, and 
thereby into the normal domestic waste 
system. The waste from the garage sink 
emptied into an expansion tank of the 
kind used in central heating systems, and 
was pumped out again with a 
self-priming pump purloined from a 
redundant washing machine. It was here 
that the need for a fluid detector lay. A 
means of determining the presence of 
water was required to switch on the 
pump. However, it was foreseen that a 
greater inflow of water than the pump 
could reasonably handle might occur. To 
overcome this problem, eight separate 
channels were incorporated to detect the 
increasing level of water in the tank, and 
so indicate the effectiveness of the pump. 


} 
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Circuit Description 

At the heart of the circuit (see Figure 
1) is the LM1830 fluid detector chip IC2. 
This is the type of IC commonly found in 
drinks vending machines, washing 
machines, and a whole host of other 
domestic and industrial appliances. It is a 
well designed IC which includes an A.C. 
current to the probes to alleviate the 
problem of plating. The output is also 
pulsed, and can be used to drive a 
speaker or LED directly, but in this 
instance an ‘on’ or an ‘off condition was 
required to interface with the CMOS 
digital part of the design. This is achieved 
by the reservoir capacitor C4, which 
smoothes the oscillator output, and the 
pull-up resistor R2. 

The IC detects the presence of water 
by comparing the resistance across the 
probes with an internal resistor., One 
probe is connected to ground, whilst the 
other is connected to pin 10 of the IC. In 
this particular design, eight independent 
probes are connected to the single 
8-channel analogue multiplexer/demulti- 
plexer IC]. Each of the channels is 
scanned approximately once a second, 
and during the scan time IC2 checks for 
the presence of water (conductive fluid). 
If water is detected then the output of IC2 
goes high and is written into the latch 
corresponding to the input channel of the 
8-bit addressable latch IC3. 

Both ICI and IC3 have a three bit 
address bus to select the desired 


* 8 LED’s Indicate Fluid Level or 
* Monitor up to 8 Separate Levels 


* Based on LMI830 IC — 
Simplifies Construction _& 
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channel, and the addressing for the chips 
is provided by half of the dual decade 
counter IC5. The clock for the counter is 
formed from two of the dual input NAND 
gates of IC4, Rl] and Cl. The other two 
gates of IC4 and the other counter of IC5 
are used to produce a short pulse during 
each scan cycle, to ensure that data is 
only written into the output latches when 
IC2 has had time to sense the fluid and 
settle down. The outputs from the latch 
are then used to drive the eight LED’s and 
their associated circuitry. In the 
application described in the introduction, 
the LED's for channels 1-6 were green 
and channels 7 and 8 were red. This 
provided visual stimulation when things 
were getting dodgy. In practice the 
colours chosen will depend cn the 
application (see applications). It should 
be noted here that a remote lead was 
taken from channel one output to a 
separate board which was used to switch 
the pump on or off. 


Construction Details 


All the components are fitted on the 
printed circuit board (see Figure 2). Start 
by inserting, and soldering, the wire links 
and resistors, proceed with the IC 
sockets, capacitors, PLl, the transistors 
and LED's, and finally insert the 
integrated circuits into their respective 
sockets. Normal MOS handling precau- 
tions should be observed with the CMOS 
integrated circuits, with care to ensure 
correct orientation. PL] is a ten pin 
connector, but only nine pins are 
required, and in fact there are only nine 
holes in the PCB, so pin one must be 
removed from the plug before it can be 
mounted on the board. This is easily 
achieved with a small pair of radio pliers. 

A twelve volt power supply is 
required and, although no construction 
details are described here, many of the 
circuits shown in back issues of this 
magazine will reveal a suitable design 
(i.e. Digital Enlarger Timer/Controller in 
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Appliceti 
the June to August 1983 issue, Vol.2 No.7). Plcartens 
As far as the construction of a probe is Up to this point, most of the 


concerned, it would be beyond the 
realms of practicability to attempt the 
description of a suitable design, since it 
depends entirely on the application. The 
receptacle containing the fluid may be 
small or large, shallow or deep. There 
may be one individual container or up to 
eight separate ones. There may not even 
be a container at all (see applications). In 
many applications however, a simple 
narrow piece of copper strip Veroboard 
can be employed, using the strips 
horizontally, choosing appropriate strips 
for the particular levels, and connecting 
the ground terminal to the bottommost 
strip. 





references to utilising this project have 
revolved around using all eight channels 
to monitor the fluid ‘level’ in a container. 
In the previous paragraph it was 
suggested that the various channels could 
in fact be used quite independently or in 
groups of any number. To explain this 
further, consider the following three 
applications for which the circuit has 
already been gainfully employed. Case 
one is for use in a car and is really rather 
a novelty idea. The pupose here is to use 
the project to give a continuous visual 
indication of the amount of water in the 
windscreen washer bottle. When used in 
this way, the red LED’s should be 
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inserted in the positions for channels one 
and two, as a warning condition is now 
required when the water content is 
getting low. If you are using the idea in an 
estate car or any other car with a rear 
window washing facility then use two 
probes; channels 1-4 for one bottle and 
channels 5-8 for the other, and this time 
insert one red LED in channel one and 
the other in channel five. The strip of 
Veroboard was found to be ideal in this 
application. 

Case two was for an installation 
which had a number of large tanks. 
These gradually drained over a period of 
time but when they got down to a 
predetermined level they were to be 
refilled by opening an electronically 
controlled valve. Here two channels were 
used for each tank, one channel opening 
the valve when fluid dropped below the 
minimum level, and the other closing the 
valve when the tank was full. Four tanks 
were able to be controlled by the one 
board. 

Case three was for use in a 
nurseryman’s greenhouses. The grower 
in question used mist spayers in his 








houses which gave the plants a good 
spraying whenever the water had 
evaporated from the surface of the 
probes, which were placed at regular 
intervals between the plants. The mist 
was turned off again when enough water 
had fallen to bridge the gap on the probe 
and therefore detect the presence of 
water again. As he grew a large number 
of different plants at different tempara- 





8 CHANNEL FLUID DETECTOR PARTS LIST 


RESISTORS: All 0.4W 1% Metal Film 





tures and humidity, he was able to use 
each channel separately to give 
individual monitoring and control for all 
the environments he required. 

There are obviously a great many 
more ways in which this circuit could be 
used, and these suggestions are only 
here to demonstrate the wide range of 
uses in which this project may be put to 
work. 


RI 1M 1 (MIM) ICl 4051BE 1 (QW34M) 

R2,3,5,7,9, 11, Ica LMi830 1 (YY99H) 
13,15,17 1k0 9 (MIK) IC3 4099BE 1 (QW57M) 

R4,6,8, 10,12, 1C4 4011BE 1 (QX0SF) 
14,16,18 10k 8 m™ioK) = ss 4S18BE 1 (QX32K) 

CAPACITORS MISCELLANEOUS 

C12 4$7nF Minidisc 2 (YRTAR) PL1 RA Minicon Latch Plug 10-Way 1 (RK68Y) 

3 InF Ceramic 1 (WX63Y) a Sociret ae : ee 

22, Electrolyti 1 Socket 16-pin 

C4 uF 18V PC Electrolytic (FFO8G) ts : eens 

SEMICONDUCTORS Strapping Wire lroll (BLI3P) 

D1-6 LED Rl 6 46A, 

D7.8 tee LED R1 ae 2 Caah A complete kit of parts is available for this project. 

TR1-8 BOS4? 8 (00140) Order As LK48C (8-Channel Fluid Det Kit) Price £12.95 





MOTHERBOARD FOR BBC MICRO Continued from page 28. 


Motherboard for BEC Paris List 


RESISTORS: All 0.4W 1% Metal Fil 


PRICE LIST OF 
NEW ITEMS IN THIS ISSUE 


RI 2700. 1 (M270R) 
R2 1k0 i (MIK) 
CAPACITORS _ 
Cl 100zF 25V Axial Electrolytic 1 (FB49D) ma 
Fy25C 
SEMICONDUCTORS Fy26D 
LED1,2 LED Red 2 (WL27E) ae 
FJ36P 
MISCELLANEOUS GB39N 
SKi Analogue Port Cable 1 (FJ24B) cone 
SK2 VO Port Cable 1 (FI26D) GBS4U 
SK3 iMBz Port Cable 1 (F725C) GBESY 
SK4-7 2 x 23 Way PC Edgecon 4 (RK3SQ) GResw 
FSI Fuse 20mm 250mA 1 (#WROIB) GB6sy 
Fuse Clip 2 (WH6D) LE36R 
JK} PC Mig Power Skt 1 (RK37S) mae 
§1 DPDT Slide Switch 1 (FH36P) LE46A 
Motlierboard PCB 1 (GB3aN) 
Std Power Plug 2.1mm 1 (HH60Q) rie 
Strapping Wire 20 SWG rol (@LI13P) LK49D 


A complete kit of the above parts is available. 


Order As LK47B (Motherboard for BBC Kit) Price £27.95 
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LESOE 
XG37S 
XG38R 


PCB Mono Jack Socket 25p 
PCB Stereo Jack Socket 35p 
BBC Analog Port Cable £5.85 
BBC 1MHz Port Cable £4.99 
BBC I/O Port Cable £3.30 
Mark ZN/R Unit Front Panel =: £2.25 


Mapmix Front Pane} £3.85 
Motherboard for BBC PCB £5.40 
Mapmix PCB £5.35 
Xenon Tube Driver PCB £2.45 
Enlarger Exposure Mtr PCB 99p 
Ni-Cad Charger PCB £2.55 


8 Ch Fluid Detector PCB £3.10 
Servodriver PCB £1.35 


Mk 2 Noise Reduction Kit £39.95 
Enlarger Exposure Mtr Kit £7.95 
Servodriver Kit £9.75 
Xenon Tube Driver Kit £11.75 


Motherboard for BBC Kit 
8 Ch Fluid Detector Kit 

Mapmix Kit £29.95 
Ni-Cad Charger Kit £19,95 
Mk 2 Noise ReductionCase  £8,95 
Mapmix Case £8.95 


£27.95 
£12.95 

















How to Design Electronic 
Projects 

by R.A. Penfold 

An interesting new book which 
aims to help the reader put to- 
gether projects from standard 
circuit building blocks, with the 
minimum of trial and error and 
without resorting to advanced 
mathematics. A series of simple 
and practical examples are taken, 
each circuit is analysed and 
practical designs, including comp- 
onent values, are evolved. A sel- 
ection of useful circuits are also 
included. 

178x110mm, 102 pages, illustrated. 
Order As WM67X (Design Elec- 
tronic Projects) Price £2.40NV 


An Introduction to Programming 
the Acorn Electron 

by R.A. &J.W. Penfold 

This book covers programming 
the Electron in BASIC one step ata 
time, with examples to demon- 
strate the various instructions and 
functions, and show how they can 
be applied. Eleven chapters deal 
with all aspects of BASIC 
programming including Variables, 
Formatting, Sound Generation, 
Graphics, File Handling, etc. 
178x110mm, 134 pages, illustrated. 
Order As WM68Y (Intro to Pro- 
gram Electron) Price £2.10NV 


Programming the M68000 

by Tim King & Brian Knight 

This comprehensive guide ex- 
plains how to program the 
M68000, which is one of the most 
advanced microprocessors avail- 
able at the present time. It is 
written in a clear and readable 
manner and provides a wealth of 
information. The basic M68000 
architecture is introduced and 
then each instruction is explained. 
Many practical programs are 
given and readers are encouraged 
to wnite effective programs. A 
complete small monitor program 
which will handle input & output, 
test programs etc. is also included. 
235x156mm, 154 pages, illustrated. 
Order AS WM76H (Programm- 
ing the M68000) Price £10.15NV 


Electronically Speaking: 
Computer Speech Creation 

by John P. Cater 

The aim o! this comprehensive 
American pook is to provide a 
complete guide to the principles 
and techniques of synthetic 
speech generation. After a brief 
introduction and history of speech 
creation there are chapters on the 
hardware and software required 
to make the micro-computer talk, 
in any language, in a masculine or 
feminine voice! Many charts, 
illustrations and circuit diagrams 
are included. 

215x135mm, 230 pages, illustrated. 
Order As WM72P (Electronic 
Speaking) Price £13.62NV 
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The Atari 600X1L Program Book 
by Peter Goode 

The new Atari 600XL offers more 
potential for games programming, 
in colour, than other micro’s on the 
market — the collection of 
programs in this book is designed 
to show off these capabilities. 
Included are Arcade style games, 
adventures, puzzles & games of 
chance, and various utility and 


control programs. 

215x138mm, 160 pages, illustrated. 
Order As WM7IN (Atari 600XL 
Program Book) Price £6.95NV 
Language of the Dragon: 

6809 Assembler 

by Mike James 


Astep-by-step guide through 
every detail of assembly language 
programming concepts with the 
6809 microprocessor (as used in 
the Dragon), leading to the 
techniques needed to write 
professional programs. Thus en- 
abling the reader to obtain 
exciting visual effects and high 
speed program operation with his 
Dragon. 

215x 146mm, 233 pages, illustrated. 
Order As WM73Q (Dragon 6809 
Assembler) Price £8.45NV 


Interfacing Projects 

for the BBC Micro 

by Bruce Smith 

This book explains clearly, in non- 
technical language, the hardware 
and software required to build a 
variety of devices connected to, 
and controlled by, the BBC micro. 
Full details of circuit diagrams, 
Veroboard layouts, construction 
and component lists are included; 
plus the tested programs required 
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to run the projects. The projects 
include; a burglar alarm, a rain 
detector, a light pen, an EPROM 
programmer, an X—Y plotter and 
a joystick controller. 

235x158mm, 134 pages, illustrated. 
Order As WM74R (BBC Inter- 


face Projects) Price £7.95NV 
The Master Memory Map for 
the Commodore 64 
by Paul Pavelko & Tim Kelly 
Aclear and concise American 
book which gives a complete 
guide to memory locations of the 
Commodore 64. For the beginner 
there are many programming 
examples, including music cre- 
tion, sound generation and graph- 
ics. For the advanced programmer 
this book will form a powerful 
reference manual. 
228x153mm, 186 pages, illustrated. 
Order As WM75S (CBM64 
Master Memory Map) 

Price £14.45NV 


Working With dBase 

by M. de Pace 

This book provides a complete 
guide to the powerful and flexible 
dBase II software. It will enable 
new users to set up a comprehens- 
ive information processing system; 
for experienced users it sets out 
more sophisticated methods — 
showing how to gain greater 
control of, and get more value 
from, data bases. Methods of 
setting up screen menus, writing 
enquiry facilities, producing doc- 
uments such as invoices, and other 
personal and business processing 
requirements are also covered. 
233x155mm, 172 pages, illustrated. 
Order As WM77]J (Working with 
dBase II) Price £8.95NV 














Memotech Computing 

by Jan Sinclair 

The Memotech Computer offers 
spectacular colour, graphics and 
sound, plus excellent capabilities 
for add-ons — this book will show 
how to make the best use of these 
features. By taking a step-by-step 
approach from first principles to 
more advanced computing the 
author has compiled a book that 
should form a standard work of 
reference for all Memotech 
owners. 

233x155mm, 186 pages, illustrated. 
Order As WM78K (Memotech 
Computing) Price £7.95NV 


Basic and Fortran in Parallel 

by SJ. Wainwright & A. Grant 

A novel new book which can be 
used to learn FORTRAN or BASIC, 
or both! FORTRAN has occupied 
an important position in high level 
programming, for scientific appli- 
cations, for many years; it is 
therefore a very useful language to 
learn. BASIC needs no introduct- 
ion — this book covers the two 
languages, at a very reasonable 
price. An appendix includes a 
FORTRAN interpreter written in 
Sinclair Spectrum BASIC, which 
supports most of the common 
features of the language and 
makes it possible to ‘get the feel’ 
of writing FORTRAN programs. 
178x110mm, 79 pages, illustrated. 
Order As WM66W (BASIC and 
FORTRAN) Price £2.10NV 


An Introduction to Programming 
the BBC Model B Micro 

by R.A. & J. W. Penfold 

By using a gradual approach 
together with practical examples, 
this book aims to help the reader 
master BBC BASIC with the 
minimum of difficulty. Thus 
enabling him to use the very 
powerful version of BASIC used on 
the BBC Micro. Eleven chapters 
take the reader from first 
principles to such subjects as 
Interfacing, Graphics, and the 
Teletext mode. 

178x110mm, 133 pages, illustrated. 
Order As WM69A (Intro to Pro- 
gram BBC B) Price £2.15NV 


Secrets of the Commodore 64 
by P. Cornes & A. Cross 
A beginners guide to the 
Commodore 64, which contains 
masses of useful information and 
programming tips. It also des- 
cribes how to get the best from the. 
sound and graphics modes. The 
book is divided into 10 chapters, 
dealing with such subjects as 
Character and Sprite Graphics, 
Sound, Machine Code etc. This 
handy little guide will complement 
the Commodore 64 Users Manual. 
178x110mm, 109 pages, illustrated. 
Order As WM70M (Secrets of 
the Commodore 64) 

Price £2.15NV 
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A Brief History of Electronics 


The Dawn of a New Era 


The start of the 19th century saw the 
beginning of a new era in the study of 
electricity. The pioneer work carried out 
by Volta, Galvani and others during the 
close of the 18th century set the 
groundwork for the next generation. 
Gradually the superstitious attitudes ab- 
out natural phenomena were replaced by 
scientific study. This in turn led inevitably 
to a greater understanding of intangible 
subjects, like electricity. 

At this time a vast number of 
discoveries were being made and it was 
not immediately realised that they were 
all connected with electricity. Nowadays 
we all take very much for granted the 
various manifestations of the passage of 
an electric current, such as the heating 
and the magnetic effect, but these all 
needed to be drawn together into a 
coherent picture. 

Ampére had shown that the study of 
this new subject would yield to a 
mathematical analysis and this no doubt 
helped to speed the pace of develop- 
ments. Many of the discoveries made 
during the early part of the 19th century 
were connected with the measurements 
associated with an electric current. 
Indeed, it was at this point that the 
fundamental ideas regarding the basic 
concepts were laid down; for example, 











Charles Augustin 
de Coulomb 
1736-1806 


by Mike Wharton 





Karl Friedrich 
Gauss 
1777-1855 


that something ‘flowed’ when electricity 
passed, the very use of the term ‘current’, 
like the flow of water. Likewise, it 
became appreciated that in order for a 
current to flow there must be something 
else causing it to be pushed along. For 
this reason terms like electro-motive 
force were coined, usually abbreviated 
these days simply to e.m.f. 

As soon as one begins to make 
measurements then a system of units is 
required in which to express them. Since 
the inter-relation of the various effects 
had not yet been sorted out, a wide range 
of systems were devised. This in turn led 
to separate units for measuring elec- 
trostatic effects, magnetic effects and 
electrochemical effects. Fortunately, 
these have long since been abandoned in 
favour of the unified system we now all 
enjoy. 


Coulomb 


One of the pioneers who played an 
extremely important role in developing 
the hitherto vague and fragmentary 
knowledge of electricity and magnetism 
was Charles Augustin de Coulomb. By his 
brilliant experimental work he was able 
to introduce scientific laws relating to 
electrostatic and magnetic attraction, 
upon which men like Gauss and Weber 
could build. It was a century after Isaac 
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Wilhelm Eduard 
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Newton had published his law of gravita- 
tion that Coulomb discovered exactly 
analogous laws for electricity and 
magnetism. He showed that the force of 
attraction between electric charges and 
magnetic poles was proportional to the 
square of the distance between them. 
These apparently simple laws required a 
tremendous amount of experimental skill 
and extremely accurate measurement of 
the minute and fleeting quantities in- 
volved. 

Coulomb was born in 1736 in the 
town of Angouleme, about 70 miles from 
Bordeaux, France. His father had not 
been very interested in his education, 
and he flitted from one school or college 
to another, giving him the name of 
‘martinet’. After a series of disastrous 
financial speculations, which left the 
family almost penniless, he moved with 
his father to Montpellier. Here more 
affluent members of the family gave them 
assistance, including an introduction to 
the thriving scientific circle there. 

At the age of 21, Coulomb was faced 
with choosing a suitable career. The 
possibilities for a young bourgeois at that 
time were the Church, Army or Civil 
Service. He joined the Army, and hoped 
that in the Engineering Corps he would 
be able to practise his scientific talents. 
He entered a military college from which 
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where: Q = Electric charge 
é = Relative permittivity 
M = Magnetic pole strength 
# = Relative permeability 
d = Distance between poles or charges 
F = Force of attraction 








Coulomb's laws of electricity and magnetism 





he graduated two years later and was 
sent to Martinique in the West Indies. His 
job was to supervise the building of Fort 
Bourbon, but the conditions were appall- 
ing and he became seriously ill. After 
about eight years in Martinique, Coulomb 
returned to France to continue his career 
in the Army. During this important period 
in his life he wrote his ‘opus magnum’ on 
statistics and dynamics, “The Theory of 
Simple Machines”. 

It was during the five years leading 
up to the French Revolution in 1789 that 
Coulomb wrote his famous works on 
electricity and magnetism, when he was 
around 48 years of age. With the 
Revolution, he resigned all his posts, 
including that of Lieutenant Colonel of the 
Army, and was one of the nobles who 
was expelled from Paris. He retired to a 
small estate in Blois and settled down toa 
quiet life of scientific investigation. 
However, in 1795, he was invited by 
Napoleon to return to Paris, where he was 
made an Inspector-General of Public 
Instruction. Coulomb continued to devote 
his life to scientific work until his death in 
1806 at the age of 70. 


Gauss 


Another of the great luminaries of 
this age was Kar] Friedrich Gauss. He was 
born in 1777, the son of a poor gardener 
in Brunswick in what is now Germany. He 
was a very intelligent child and grew up 
to become a mathematician, astronomer 
and physicist of the highest order. The 
young Karl Gauss was given financial 
assistance to attend a good school where 
by his early twenties he had mastered the 
works of Newton and others. He then 
attended University at Gottingen, after 
which he was made Director of the 
Observatory. In this post, Gauss had 
responsibility for carrying out geomagne- 
tic surveys, that is, measuring the 
strength of the Earth’s magnetic field. He 
was able to draw on the earlier work of 
Coulomb, and he has come to be 
associated with the measurement of 
magnetic effects. Formerly, his name was 
associated with the unit of magnetic flux 
density, but with the introduction of the SI 
units this honour was lost to Nikolai Tesla, 
the unit now being called the ‘tesla’ (T). 

Many of Gausses greatest mathema- 
tical papers were not published until after 
his death. Indeed, his name is also well 
known to mathematicians, particularly in 
the form of the Gaussian distribution 
curve. These papers were found to 
contain many theories which had been 
published by other people, which was 
embarrassing for a number of them who 
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had become famous as a result of what 
they thought was original work! 

Although the name of Gauss has 
been relegated from the ‘first division’ of 
electrical units, it is still synonymous with 
magnetism. The term ‘degaussing’ was 
coined during the Second World War, 
when steel ships were demagnetised to 
prevent them setting off magnetic mines. 
Its most moder application is to be 
found in colour television sets, where a 
degaussing coil is fitted around the flare 
of the cathode ray tube to demagnetize 
the shadow mask. 

Much of the work done at this time 
by men such as Gauss was carried out on 
permanent magnets and the connection 
between magnetism and electric current 
was yet to be fully explained. 


Ohm 


One of the most famous men 
working on electricity during the first half 
of the 19th century was Georg Simon 
Ohm. His name is enshrined in the unit of 
resistance and the law which relates this 
quantity to voltage and current, and is 
one of the cornerstones of electrical 
theory. 
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Georg Simon Ohm was bom in 
Bavaria in 1789. He went to school there 
and later taught maths and physics at 
several schools in the neighbourhood 
before attending University at Erlangen. 
In 1817, at the age of 28, he was 
appointed Head of the Department of 
Physics at the Polytechnic Institute of 
Cologne. Here he began his studies of the 
flow of electricity through various metals. 
These experiments were carried out 
entirely on his own, using apparatus 
which he had built himself. In these 
experiments Ohm found that the voltage 
from the cell he was using varied 
considerably as the current was varied, 
and he had to resort to the use of a 
thermocouple to measure the current. He 
discovered the empirical law which 
bears his name in 1826, but when he 
announced his findings they were re- 
ceived with little response. He repeated 
the experiments the following year, this 
time taking into account the internal 
resistance of the cell which solved the 
problem of voltage variation. Again his 
results met with little interest, and some 
scientists even called it a fantasy. His 
work was given a bad reception univer- 
sally, and he was forced to live in 
obscurity and poor financial circumst- 
ances. It was not until 1841 that his work 
was recognised in Britain and he was 
awarded a medal by the Royal Society, 
who also made him a foreign member. 

Ohm's Law seems very simple and 








straightforward nowadays and can be 
demonstrated with quite simple appar- 
atus: it seems strange that it should have 
had such a difficult birth, Germany 
rewarded this great physicist rather 
belatedly, by appointing him to the Chair 
of Physics at Munich University only two 
years before his death in 1854. 


Weber 


Another German scientist, a contem- 
porary of both Gauss and Ohm, was 
Wilhelm Eduard Weber. Weber was 
born in 1804 at Wittenburg, the fifth child 
of a Professor of Divinity. He studied 
science at a place called Halle, where he 
eventually became an Assistant Profes- 
sor. In 1831 he moved to the University of 
Gottingen at the suggestion of Karl Gauss, 
and with whom he later worked on 
studies on magnetism. In 1833 Weber’s 
laboratory and Gauss’s observatory were 
connected together by Weber's electric 
telegraph. This was the first practical, 
working system and used only two wires 
rather than other methods which used 
many more. In 1837 the King of Hanover 
abolished the parliamentary constitution 
by an autocratic decree. Some members 
of the staff of the University, as well as the 
brothers Grimm (of fairy tale fame) 
denounced this action and were im- 
mediately sacked. 

For five years Weber was without a 
post and a collection was made for him 
throughout Germany, but he refused to 
accept the money and lived in near 
poverty. It was not until he was in his 
eighties that he used this money to buy 
apparatus which he used to establish an 
absolute unit of electric current, the 
ampére. Towards the end of his life he 
returned to the University at Gottingen 
and continued the work on electricity. 
There he established the absolute unit of 
electro-motive force, the volt, and was 
hence able to fix the unit of resistance, 
the ohm. Thus we are indebted to this 
great man for the units used in all 
measurements of electric currents and 
which today we take so much for 
granted. In spite of his tireless work on 
the unit of current, Weber was rather 
unfairly denied the honour of having his 
name used for it, the glory going to 
Ampeére instead. In recent years, howev- 
er, his name has been remembered in the 
SI unit of magnetic flux, the weber (Wb). 

Weber was undoubtedly the founder 
of the accurate measurement of electrical 
quantities such as current, voltage, 
resistance and also capacitance. He was 
also the first to define elementary electric 
particles and ascribe mass and charge to 
them. 


Faraday 


Possibly the most famous person 
whose name is always connected with 
work on electricity is Michael Faraday. 
Because of his great contributions to the 
study of electrical phenomena he is often 
regarded as the Father of Electricity. His 
name is connected with a variety of 
experiments and effects, and is remem- 
bered in two electrical units. Almost 
anyone with an interest in electronics will 
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have encountered the unit of capacitance, 
the Farad. This is usually encountered in 
the practical smaller quantities of micro- 
Farads, nano-Farads and pico-Farads 
which all take their name from that of 
Faraday. 

It is a measure of his influence and 
the high regard for his work by others in 
the field that he has been honoured by a 
second unit, the faraday. This is related to 
his studies in the subject of electro- 
chemistry, that is, the passage of electric- 
ity through solutions of salts. It was 
Faraday’s investigations into this subject 
which led him to formulate his Laws of 
Electrolysis. The faraday is actually a 
specific quantity of electricity which will 
liberate a specific amount of a substance 
from a solution, and turns out to be equal 
to 96,500 coulombs. 

Faraday was born in 1791 of relative- 
ly humble parents. His father was a 
blacksmith who had moved to London 
from Yorkshire with his wife who was a 
farmer's daughter. At school he was 
taught only the rudimentary subjects of 
reading, writing and arithmetic. He didn't 
show any great academic qualities during 
his school years, in fact he is reported to 
have spent most of his spare time playing 
marbles in the street! On leaving school 
he took the job of errand boy and then, 
shortly after, became apprenticed to a 
book-binder. One of the books he had 
the task of binding was an Encyclopedia 
of Electricity and young Faraday started 
to read it. He had an interest in science 
and, no doubt, it was reading books such 
as these which stimulated his interest 
even further. He pursued his chosen 
subject by attending evening lectures, 
which cost him one shilling; quite a large 
amount in those days. He attended 
lectures given by the well-known Sir 
Humphrey Davy at the Royal Society in 
London. He made copious notes of these 
lectures which he then bound into a book. 

He decided at this time that he would 
like to get a job doing scientific work and 
so wrote to Davy, enclosing the bound 
book of lecture notes. Davy could not 
have been impressed by this approach 
June 1984 Maplin Magazine 





Faraday’s First Transformer 


for he didn’t even bother to reply to 
Faraday’s letter. Fate must have been on 
his side though, for shortly afterwards a 
relative of Faraday’ who was also 
acquainted with Davy, heard that the 
great man was in need of an assistant. He 
promptly put Faraday’s name forward 
and he was very reluctantly taken on at a 
wage of 25 shillings per week. 

At first he was given little work that 
interested him and spent most of his time 
rebinding the books in the library at the 
Royal Society. Then fate played another 
card, for when one of the other assistants 
was sacked Faraday was able to take his 
place and work alongside his mentor 
Davy. From now on much more interest- 
ing work came his way; he travelled 
abroad with Davy and met such people as 
Ampére. Under Davy’s guidance he 
commenced a career of research into 
chemistry, metallurgy and electricity. In 
1817 he discovered electro-magnetic 
induction and made the first transformer 
and dynamo. 

His ideas about lines and ‘tubes’ of 
magnetic flux were later to influence 
James Clerk Maxwell, and lead him to 
formulate his theories of electro-magne- 
tic fields, which ultimately led to modern 
radio communication. Many of Faraday’s 
inventions were directly applicable to the 
emerging electro-mechanical and che- 
mical industries. He could have become 
very wealthy, but he shunned wealth and 
power throughout his life. 

Michael Faraday led a simple private 
life. He was a religious person, being a 
member of a strict sect called Sandema- 
nians, after their founder. His father was 
an elder of the sect, and they regarded 
saving money as a serious sin. This 
probably explains why Faraday never 
patented any of his inventions, and what 
little money he did make was given to 
charity. There is little doubt that he could 
have made a fortune from the industrial 
application of his inventions. 

Faraday showed little interest in the 
opposite sex until he met Sarah Bernard, 
who was a member of the same sect. 
They were married when Faraday was 29 








in 1820 and settled down to a quiet life in 
accordance with their religious beliefs, 
but had no children. 

In 1857 he was invited to become 
President of the Royal Society, a most 
prestigious position, but he turned it 
down because he disagreed with the way 
the Society was run. He also tumed down 
the offer of a knighthood, probably 
because of his religious beliefs. 

Faraday’s impact on the study of 
electricity is unquestionable, but his 
effect on the scientific community of the 
day was less spectacular. This was 
mainly due to his humble attitude and 
intolerance of what he often saw as 
arrogant ‘humbug’ in some of his contem- 
poraries. When the famous politician 
Gladstone attended one of his lectures 
and asked Faraday what use his discov- 
ery of electricity might be, he replied, “at 
least you will be able to put a tax on it!” 
On another occasion an elderly lady 
asked a similar question, to which he is 
reputed to have replied, “madam, what 
use is a new born baby?” This answer 
gives some insight into his attitude to the 
subject, and indicates that he was more 
aware than most of the great potential that 
lay in the development of electricity. No 
doubt even he would be pleasantly 
surprised at the way in which electronics, 
for he helped to lay the foundation, has so 
revolutionised everyone’s lives. 

His last work, on the refraction of 
light in a magnetic field, was completed 
in 1862, when he was 71. Shortly after that 
his health deteriorated and he lived a 
further five years until his death in 1867; 
he is buried in Highgate Cemetary. 

Faraday and the others had lain the 
groundwork during the early part of the 
19th century for the development of the 
study of electricity. They had pointed the 
direction for the future inventions and 
discoveries to be made later in the 
century which were to have such 
far-reaching effects. Next time we shall 
have a look at some more of the famous, 
and not so famous, who continued the 
story during the latter half of the last 
century. 
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From Robert Penfold 


This circuit is a _ slightly more 
sophisticated alternative to the popular 
door-chain alarms. Units of this type have 
a microswitch that is operated when any 
tension is placed on the door-chain, and 
the microswitch in turn operates an audio 
alarm generator. With this circuit a reed 
switch or microswitch is directly operat- 
ed when the door is opened so that the 
alarm is activated, even if the door is 
opened by just a few millimetres. 
Furthermore, once activated, the alarm 
latches in the ON state so that closing the 
door again will not silence it. 

IC1 is a CMOS 4011BE quad 2 input 
NAND gate, but in this circuit two of the 
gates are used as simple inverters and 
the other two are unused. The two 
inverters are connected to act as a 
bistable circuit, and C2 ensures that the 
output of the bistable always goes low at 
switch-on. If Sl should close, even 
momentarily, the output of the bistable 
will trigger to the high state, and latch in 
that state. TR] is then biased hard into 
conduction, and it provides the alarm 
generator with virtually the full supply 
voltage. 

The alarm generator is based on IC2 
and IC3. The latter is a 555 astable circuit 
operating at a fairly high audio frequency 
and having its output coupled to a 
loudspeaker by C6. The 555 can provide 
a strong output current into a low 
impedance load such as LSI, and this 
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gives quite a loud alarm signal. 

The alarm is made even more 
effective by frequency modulating the 
tone generator. IC2 is a 741C operational 
amplifier used in a standard relaxation 
oscillator circuit, and the low frequency 
square-wave output from pin 6 is loosely 
coupled to pin 5 of IC3 by R10. This gives 
an increase in the output frequency of the 
tone generator when the output of IC2 is 
low, and a reduction in frequency when it 
is high, giving a two-tone output signal. 

The unit is reset by switching off and 
then switching on again. On/off switch $2 
should ideally be a key-operated switch, 
and the unit should be housed in a fairly 
tough case such as a diecast aluminium 
type, so that there is no quick and easy 
way for an intruder to silence the unit. 

The most convenient type of switch 


to use for S$] is a reed switch having 
changeover contacts. The unit can then 
be arranged so that the activating magnet 
is next to the switch when the door is 
closed, but the pair of contacts that 
provide a normally closed action are 
used, so that the alarm is not activated. 
When the door is opened the magnet and 
reed switch become separated, the 
contacts close, and the alarm is activated. 
As the unit will be left switched on 
for long periods of time it is obviously 
essential for it to have a low stand-by 
current consumption. Under quiescent 
conditions the only supply current that 
flows is the leakage currents through Cl 
and TRI, plus the supply current of IC1. 
This is not likely to total more than a few 
microamps, and in practice each set of 
batteries will give months of use. 






























































THD FILTER 








Equipment for the measurement of 
total harmonic distortion (THD) tends to 
be quite complex and expensive. How- 
ever, anyone who has a high quality 
(sinewave) audio signal generator and an 
AC millivoltmeter has the basis of a THD 
measuring set-up. The only other major 
item of equipment required is a high 
quality notch filter, such as the one shown 
in the accompanying circuit. To measure 
THD the signal generator is used to 
supply a sinewave signal to the amplifier 
under test, and the output of the amplifier 
is fed to the millivoltmeter via the notch 
filter. Initially the filter is bypassed and 
the millivoltmeter is used to measure the 
output signal level. Then the filter is used 
to notch out the sinewave signal, leaving 
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only the noise and distortion, which is 
measured using the millivoltmeter. The 
ratio of the output signal to the noise and 
distortion level gives the distortion factor 
(which is normally expressed as a 
percentage). The millivoltmeter can then 
be used to measure the output noise level 
of the amplifier. Deducting this from the 
noise and distortion figure gives the THD 
level, and again this is normally compar- 
ed with the output signal level and 
specified as a percentage. 

The filter is based around two phase 
shifters (IClb and IC2a). At a certain 
frequency these provide a 180 degree 
phase shift, and mixing the phase shifted 
and unshifted signals at IC2b therefore 
produces a cancelling effect and a notch 
in the response of the circuit at this 
frequency. RV] and RV4 are adjusted to 
provide precise cancelling so that a high 
degree of attenuation is provided. With 
careful adjustment more than 80dB of 
attenuation can readily be achieved. IC3 
is an output buffer stage. 





























Loading programs from a cassette 
recorder seems to be a major problem 
for many home-computer users. While 
some machines, such as the Dragon 32 or 
64, seem to operate well with practically 
any cassette recorder over a wide range 
of volume and tone control settings, some 
others seem to be far less co-operative. 
There are various ways of processing the 
output of a cassette recorder to (hope- 
fully) provide more reliable results. The 
circuit shown here is quite simple and 
inexpensive to construct, but provides 
two types of signal processing. Of course, 
how well (or otherwise) any cassette 
processor operates depends on the 
precise nature of the problem, and 
whether or not the applied processing is 
appropriate for that problem, but the 
circuit described here will effect an 
improvement in most cases. 

IC] is a CMOS 4001BE quad 2-input 
NOR gate, but here only two of the gates 
are used, and each of these has its two 
inputs connected together so that it 
functions as a straightforward inverter. 

The two inverters are connected in 
series, and Ri] plus R2 are used to bias the 
input to about half the supply voltage. R4 
provides DC positive feedback over the 
circuit, which operates as a sort of 
Schmitt trigger. The signal from the 
cassette recorder is capacitively coupled 
to the input of the circuit by Cl, and 
provided an input of around 1 volt RMS or 
more is provided, a good quality square- 
wave signal is produced at the output of 
the circuit. This type of signal seems to 
work much better with some home- 
computers than the direct output from the 
cassette recorder which has much slower 
rise and fall times, as well as a higher 
noise content. RV] is used to set the 
output level of the circuit for optimum 
reliability. 

The second processor is based on 
IC2, and is simply a highpass filter having 
June 1984 Maplin Magazine 


A problem with this basic filter is that 
it provides significant attenuation at 
double the notch frequency, and there- 
fore tends to reduce any second har- 
monic content that is generated in the 
amplifier, and consequently a slightly low 
THD reading is produced. This is 
overcome by using a small amount of 
overall negative feedback. This tends to 
flatten the frequency response of the 
circuit, but near the centre of the notch 
the degree of attenuation is far too high 
for the negative feedback to have any 
significant effect. Rl and R2 provide the 
overall negative feedback and give the 
circuit a nominal voltage gain of unity. 
The reduction in gain at twice the notch 
frequency is less than 1dB. 

RV3 enables the notch frequency to 
be varied from about 100Hz to approx- 
imately 1kHz, which is the frequency 
band that is likely to be of prime interest, 
but the values of C2 and C3 could be 
changed to provide operation at other 
frequencies. Changes in the values of 
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these components have an inversely 
proportional effect on the band of 
frequencies covered (e.g. a value of 5nF 
gives coverage from about 200Hz to 
2kHz). 

RV2 is the fine tuning control, and 
together with the fine balance control 
(RV 1), need to be adjusted very carefully 
in order to accurately notch out the 
fundamental signal. Sl] is the bypass 
switch, and this renders the first phase 
shifter inoperative so that the notch is 
eliminated and the fundamental signal 
can pass unhindered to the output of the 
unit. 

A supply voltage of between 9 and 
30 volts is needed, and in order to give 
optimum large signal handling ability, a 
high supply voltage is preferable. If a 
mains power supply is used it should 
have a low noise and ripple content on its 
output. Bifet operational amplifiers are 
used in the filter so that it has minimal 
noise and distortion levels. 
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a cut-off frequency of about 700Hz, 
followed by a voltage amplifier stage. 
The filter is a third order (18dB per 
octave type), and it removes any ‘mains 
hum’ or any other low frequency noise, 
which can often prove troublesome. 
Noise of this type can be caused by hum 
loops, stray pick-up in the connecting 
leads or the computer itself, and can be 
very difficult to prevent. However, an 
active filter of this type should attenuate 
any low frequency noise to an insignif- 
icant level. 


Although modem digital recordings 
are capable of reproducing the full 
dynamic range of even the most demand- 
ing music, most recordings cannot 
achieve the required 70dB or so dynamic 
range. In order to prevent the signal from 
either dropping down into the back- 
ground noise level during quiet passages 
or producing overloading on volume 
peaks, most recordings have to be 
subjected to a degree of compression. 

A volume expander can be used to 
increase the dynamic range of a signal, 
and restore some of the ‘impact’ that is 
lost during the recording process. There 





With RV2 at minimum resistance, 
IC2b operates as a unity gain buffer 
amplifier, but advancing RV2 increases 
the voltage gain up to a maximum of 
about 5 times. It can sometimes be 
beneficial to advance RV2 to the point 
where the output signal becomes 
clipped, as this can give a more regular 
waveshape having a reduced risetime. 
However, in many cases results will be 
best with RV2 set for minimum resistance, 
and it is probably best to initially try out 
the circuit with RV2 at this setting. 





is no way of exactly counteracting the 
original compression, since the com- 
pression characteristic will vary con- 
siderably from one recording to another. 
However, in many cases the use of a 
certain amount of volume expansion will 
provide a worthwhile improvement in 
results with an apparent increase in the 
signal to noise ratio as well as the 
boosted dynamic range. 

This volume expander is based on 
an NE570 compander (compressor- 
expander) device. This is primarily 
intended for use in noise reduction 
systems with one of the identical sections 
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of the device used as a compressor and 
the other configured as an expander. In 
this case both sections are used as 
expanders, with one being used to 
process each stereo channel. Only one 
channel is shown in the circuit diagram, 
but the numbers in brackets show the 
equivalent pin numbers for the other 
channel, which is in other respects 
identical. 

There are three stages in each 
section of the NE570; a voltage controlled 
gain block, a precision fullwave rectifier, 
and an operational amplifier. When used 
as an expander the input signal is 
coupled to the rectifier and gain block 
stages by C2 and C3 respectively. C4 is 
the smoothing capacitor for the rectifier, 
and this has a value which gives suitably 
fast attack and decay times, without 
either being so fast that distortion is 
caused. The output of the rectifier is used 
to control the gain block. As the input 
signal level is increased, the output 
voltage from the rectifier rises, the gain 
block provides increased gain, and the 
expansion is obtained. R3 is used in the 
bias and feedback circuit of the operat- 
ional amplifier, which is utilized here as 
just a buffer at the output. 

The NE570 has a 2 to 1 expansion 






































A parametric equaliser is a versatile 
form of tone control which is used 
principally in the production of electronic 
music, but circuits of this type can also be 
used in hi-fi systems. Both lift and cut can 
be provided, like an ordinary bass or 
treble tone control, but it is a frequency 
band somewhere in the middle of the 
audio range that is controlled by this type 
of filter, rather than one end of the audio 
spectrum. The centre frequency is tun- 
able (usually over a fairly wide frequency 
range), and the filter is really a bandpass 
and notch type, with the type of filtering 
provided depending on whether the 
circuit is set for lift or cut. Circuits of this 
type invariably have variable Q, so that a 
very harrow range of frequencies, a 
broad frequency range, or anything in 
between these two extremes can be 
controlled. 

In electronic music, a parametric 
equaliser can obviously be used to radic- 
ally alter the sound of an instrument, and 
can modify the sound ina variety of ways. 
When used with a hi-fi system it could be 
used to counteract a resonance or other 
irregularity in the frequency response of 
the system. 

Although quite simple, the design 
featured here has a respectable level of 
performance with a tuning range which 
extends from about 200Hz to approx- 
imately 4kHz. Up to about 15dB of boost 
and cut can be provided and the Q can 
be varied over wide limits. 

In common with other designs of this 
general type, the circuit is based on a 
state variable filter. This is formed by 
ICla, IC2a and IC2b, and it is the 
bandpass output at pin | of IC2a that is 
utilised here. The frequency of the filter is 
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characteristic. In other words, a rise in 
the input level of (say) 20dB (10 times) 
gives a 40dB (100 times) increase in the 
output. This gives far too much expansion 
for this application, but a bias register 
from the positive supply to the smoothing 
capacitor of the rectifier can be used to 
give reduced expansion. In this circuit 
there are three switched bias resistors 
(R4 to R6). With a maximum input signal 
of about 500 millivolts rms, these provide 
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expansion levels of about 6, 9, and 12dB. 
12dB is about the maximum that can be 
used in practice without the expansion 
becoming too obvious. 

RV1 is adjusted to minimise distor- 
tion, and the NE570 has a typical trimmed 
THD of only 0.05%. If Rl, R2 and RV1 are 
omitted, the typical THD is still only 0.3%, 
which is adequate for most purposes. 
Input levels of up to about | volt rms can 
be handled before clipping occurs. 
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governed by the values of C2 and C5, 
plus the series resistances of R7 plus 
RVla and R9 plus RVlb. By making the 
resistive elements variable, the operating 
frequency can be adjusted over the 
nominal range specified above, with 
minimum resistance corresponding to 
maximum operating frequency. 

The signal is not actually handled 
directly by the bandpass filter, but 
instead passes through inverting ampli- 
fier IClb, The bandpass filter is effect- 
ively used as a sort of frequency selective 
network in the negative feedback circuit 
of IClb. The point of doing this is that it 
enables the notch response to be 
obtained in addition to the bandpass 
response, with the type of filtering 


obtained depending on whether RV3 is 
adjusted for lift or cut. Feedback over the 
filter (and hence its Q value) is controlled 
by R5, and R6 plus RV2. The Q can 
therefore be controlled using RV2, with 
minimum resistance corresponding to 
maximum Q (and a narrow response). 

The circuit will operate on any 
supply voltage in the range 9 to 30 volts, 
but a supply of around 15 to 30 volts is 
preferable as it enables high output 
levels to be handled without clipping and 
serious distortion resulting. Bear in mind 
that when set for maximum boost the 
circuit provides a significant amount of 
voltage gain at the centre of the response, 
and it is then more vulnerable to 
overloading. 
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BOOR ALARM PARTS LIST CASSETTE PROCESSOR PARTS LIST 
- RESISTORS:- All 0.4W 1% Metal Film RESISTORS:- All 0.4W 1% Metal Film 
| +9 Ri ; 4k7 OM4K7) RLS : _ 18k 2 (MI8K) 
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RO 47k (M478) Reo 47k (M47K) 
fee arene a cos 
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CAPACITORS RIO j 22k (M22K} 
CLS l0uF 35V PO Electrolytic 2 (FFOE) RVI Pot Lin 4k7 (FW01B) 
C2 100nF Polyester {BK75H) RV2 Pot Lin 100k (FWOSF) 
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TELEPHONE ACCESSORIES. a. 021 co: 


a) Flush Fitting Master 
Line Jack Unit (3/4A) 
Standard BT type Master Line Jack 
Unit, including bell capacitor, 
surge arrestor and ‘out of service’ 
resistor, for flush fitting to wall; 
with screw terminals. 

Order As FJ27E (Flush Master 
Line Jack 3/4A) Price £3.99 TQ 25 


b) Three Metre Line Cord 
& Line Plug 

Standard PTC Line Cord with Line 
Plug at one end and spade temm- 
inals at the other. See also page 
184 of the 84 Maplin Catalogue. 
Order As FG29G (PTC Line 
Cord) Price £1.95 TQ 50 


c) Four Way BT Type 
Jack Plug (420) 

Standard BT Type 4 Way Jack 
Plug. Each terminal is colour 
coded — requires soldering. 
Order As FJ28F (Jack Plug 420) 
Price £1.65 TQ 50 


d) Dual Outlet 

Adaptor (10/3A) 

Fits any BT type 4/6 way Line Jack 
Unit and converts it to a dual 
outlet. 

Order As FJ30H (Dual Adaptor 
10/3A) Price £5.30 TQ 10 


AMENDMENTS TO 
1984 CATALOGUE 


SOLDERING IRONS FY62S The 
CX iron is now discontinued and 
replaced by the newer CS model 
which features a lower leakage 
current (<2A), a shatterproof 
anti-roll handle and a detachable 
hook. The iron is designed to use 
the same bits as the CX. The 
replacement element for the CX 
iron is still available (FY63T); the 
CS requires a different element, 
should you need a replacement 
please order FY95D (Element CS 
240V). Price £3.25. 

FR12N The X25 iron is now dis- 
continued and replaced by the 
newer XS model which features a 
lower leakage current (<1uA), a 
shatterproof anti-roll handle anda 
detachable hook. The iron is 
designed to use the same bits as 
the X25. The replacement element 
for the X25 iron is still available 
(FR14Q); the XS requires a differ- 
ent element, should you need a 
replacement please order FY96E 
(Element XS 240V). Price £3.25. 
FRI3P The MLX3}2 iron is now 
discontinued and replaced by the 
newer MLXS model which has the 
same improvements as the XS, 
described above. The replace- 
ment element for the MLX12 is still 
available (FRI5R); the MLXS 
requires a different element, 
should you need a replacement 








e) Line Plug/Screw 
Terminal Adaptor (ILL/BT) 
Adapts existing telephone equip- 
ment to standard BT type Line 
Plug. The screw terminals are 
contained in a small box for neat 
and easy connection to telephone 
spade terminals. 

Order As FJ31J (Line Plug/Screw 
Terminal Adaptor ILL/BT) 

Price £4.15 TQ 25 


f) Line Plug/USA Socket 
Adaptor (USA/BT) 

Allows equipment fitted with 
American type phone plugs to be 
connected to standard BT type 
Line Jack Units. 

Order As FJ32K (Line Plug/US 
Socket Adaptor USA/BT) 

Price £4.20 TQ 25 









ee 
a. 


please order FY97F (Element 
MLXS 12V). Price £3.65. 

FY68Y The CX Kit is now dis- 
continued and replaced by the 
newer CS Kit. The only change is 
the replacement of the CX iron by 
the CS iron (described above). 
FY69A The X25 Kit is now dis- 
continued and replaced by the 
newer XS Kit. The only change is 
the replacement of the X25 iron by 
the XS iron (described above). 
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g) Coiled 5m Line Cord 
(4/504) 

A 5 metre PTC 4 way Line Cord, 
coiled for part of its length. Fitted 
with standard 4 way line plug at 
one end and spade terminals at 
the other. 

Order As FJ29G (5m line cord 
4/504) Price £3.45 TQ 25 


h) Secondary Line Jack 
Unit (2/4A) 

A surface mounting Secondary 
Line Jack Unit, see also page 184 
of the '84 Maplin Catalogue. 
Order As FG28F (Secondary 
Line Jack Unit 2/4A) Price £2.95 
TQ 25 


i) Standard 4 Way Line 
Plug (431A) 
A standard BT type 4 way Line 








Plug using Insulation Piercing 
Contact (IPC), with strain relief. 
Ideally for assembly an IPC plug 
hand tool should be used. How- 
ever the plug can be fitted by 
removing the outer insulation of 
the cable to the correct length, 
carefully lifting the contacts, 
inserting the wires and then 
clamping the contacts onto the 
wires — using a small pair of pliers. 
The strain relief members 
immediately behind the contacts 
can then be pushed down using a 
small screwdriver. 

Order As FJ33L (Line Plug 4 way 


| 431A) Price 50p TQ 250 


j) Flush Fitting Secondary 
Line Jack Unit (3/6A) 
Standard BT type Secondary Line 
Jack Unit for flush fitting to wall; 
with screw terminals. 

Order As FJ34M (Flush Second- 
ary Line Jack ¥6A) Price £2.65 


| TQ 25 


Telephone Cable 

Please note that Telephone Cable 
(4 way with cream coloured outer 
insulation) is also available, please 
see page 85 of the ‘84 Maplin 
Catalogue for full details. 

Order As XR66W (4 Wire Phone 
Cable) Price 2lp per metre 
TQ 250 


TOP TWENTY KITS 


THIS LAST ORDER KIT DETAILS IN 
MONTH DESCRIPTION OF KIT CODE PRICE PROJECT BOOK 
1 (1) 4) 75W Mosfet Amp Module LW51F £12.95 Best of E&MM 
2. (2) +4 Modem LW99H £44.95 5 XAOSF 

Case also available: YK62S Price £9.95. 
3 (3) ¢ Car Burglar Alarm LW78K £6.95 4 XAO4E 
4. (4) 4 Partylite LW93B £9.45 Best of E&RMM 
5. (5) @) 2X81 1/0 Port LW76H £9.25 4 XAO4E 
6 (7) « Syntom Drum Synthesiser LW86T £11.95 Best of E&RMM 
7 (6) « Spectrum Keyboard LK29G £28.50 9 XAO9K 


Also required: LK30H £6.50; Case: XG35Q £4.95 — Total £39.95. 
Also available complete ready-built: XG36P £44.95. 


8. (50) «m Spectrum Easyload 
9. (9) 4) 8W Amp Module 
10. Alay Logic Probe 
Wa, 1g) 


a, (Hl@) 
14. (14) 
15. (12) « Keyboard for 2X81 


Harmony Generator 


= 

@ Ultrasonic Intruder Detctor 
12. (8) « VIC20/64 RS232 interface 

s 


4) Spectrum RS232 Interface 


LK33N 
LW36P 
LK13P 
LW83E 
LKi1M 
LW91Y 
LK21X 
LW72P 


£9.95 
£4.45 
£9.95 
£10.95 
£9.45 
£17.95 
£17.95 
£23.95 


10 XA10L 
Catalogue 

8 XA08J 

4 XA04E 

7 XA07H 

Best of ERAMM 
8 XA08J 

3 XA03D 


Case also available: XG17T £4.95. Complete ready-built: XG22Y £32.50 


16. (16) « Noise Gate 
17. (28) @ Burglar Alarm 
18. (15) « Hexadrum 
19. (17) « Guitar Tuner 


20. (30)  Synwave Sounds Synth 


Best of E&MM 
2 XA02C 

Best of ERMM 
Best of E&MM 
Best of E&MM 


LK43W £9.95 
LW57M £49.95 
LW85G £19.95 
LWs0X £10.75 
LW87U_ £10.95 


Over 80 other kits also available. All kits supplied with instructions. 

The descriptions above are necessarily short. Please ensure you know 
exactly what the kit is and what it comprises before ordering, by checking the 
appropriate Project Book mentioned in the list above. 
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NEW PRODUCTS 





Carrying Case 

A sturdy carrying case in black 
‘leather look’ PVC which will hold 
a wide range of multimeters and 
other test gear. Fitted with buckle 
and carrying strap. 

Internal Size: 118 x 150 x 58mm 
Order As BK78K (Carrying Case 
MC20) Price £3.32 TQ 25 


PCB Mounting 
Phono Socket 


A compact phono socket which 
mounts directly onto printed 
circuit boards. 

Overall Size: 22 x 15 x 10mm 
Order As HF98H (PCB Phono 
Skt) Price 28p TQ 500 


RF Transistor 

Type BFY90 

An NPN silicon planar epitaxial 
transistor in TO-72 metal envelope. 
Has very low noise over a wide 
current range, plus very high 
power gain. Can be used in aerial 
amplifiers, TV distribution amp- 
lifiers, RF amplifiers and mixers, 
etc. 

Vero = 15V max; 

Vozom = 30V max; 

Vego = 2.5V max; 

Ig = 25mA max; 

Pro. = 200mW max; 

hy. = 25 to 150 @ I, 2mA; 

typ fr = 1.1 GHz. 

Order As QQ64U (BFY90) 

Price 95p TQ 100 


PVC Beading Section 
Flexible black PVC beading 
section for edging metal sheets, 
chassis, etc. 
Order As XR78K (PVC Beading 
Section) Price 25p per metre 

TQ 500 








IDC Connectors 
& Cable 


A range of Flat Cables and IDC’s 
to complement those already 
available in the 1984 catalogue. 
Conforming to BS9525, all connect- 
ors are moulded from thermo- 
plastic resin and glass fibre filled. 
Max Working Voltage: 750V DC. 
Max Working Current: 2A. 
Spacing: 0.05 inch. 

IDC ‘sockets fitted with % metre 
(approx. 10”) of cable and a strain 
relief clamp. Four types are avail- 
able. 16 Way, 20 Way, 26 Way and 
40 Way. 

Order As FJ01B (16 Way IDC Skt 
& Cable) Price £2.45 TQ 25 
Order As FJ02C (20 Way IDC Skt 
& Cable) Price £2.65 TQ 25 
Order As FJ03D (26 Way IDC Skt 
& Cable) Price £2.98 TQ 25 
Order As FJO4E (40 Way IDC Skt 
& Cable) Price £3.95 TO 25 


IDC PCB Mounting Header Plugs 
are now available in five types. 
16 Way, 20 Way, 26 Way, 34 Way 
& 40 Way. 
Order As FJI3P (IDC PCB 
Header 16 Way) Price £1.40 

TQ 50 


Order As FJ14Q (IDC PCB 
Header 20 Way) Price £1.60 

TQ 50 
Order As FJISR (IDC PCB 
Header 26 Way) Price £1.80 

TQ 50 
Order As FJI6S (IDC PCB 
Header 34 Way) Price £2.30 

TQ 25 
Order As FJ17T (DC PCB 
Header 40 Way) Price £2.60 

TQ 25 


IDC Flat Cable is available in 16, 





20, 26, 34 and 40 way, in grey with 
a red identifying stip on one 
edge. Priced in 30cm lengths 
(approx. | Foot). 
Order As XR73Q (16 Way IDC 
Cable) Price 29p per 30cm. 

TQ 100ft Reel 
Order As XR74R (20 Way IDC 
Cable) Price 35p per 30cm. 

TQ 100ft Reel 
Order As XR75S (26 Way IDC 
Cable) Price 45p per 30cm. 

TQ 100ft Reel 
Order As XR76H (34 Way IDC 
Cable) Price 58p per 30cm. j 

TQ 100ft Reel 
Order As XR77J (40 Way IDC 
Cable) Price 68p per 30cm. 

TQ 100ft Reel 


Connectors for the BBC Mother- 
board project which are also 
suitable for many other appli- 
cations. 

BBC Analog Port Cable consisting 
of a 15 Way ‘D’ range plug 
connected by % metre of flat 
cable to a 16 Way four row PCB 
transition header. 

Order As FJ24B (BBC Analog 
Port Cable) Frice £5.85 TQ 10 


BBC 1MHz Port Cable consisting of 
a 34 Way IDC socket connected 
by Ye metre of flat cable to a 34 
Way four row PCB transition 
header. 

Order As FJ25C (BBC 1MHz Port 
Cable) Price £4.99 TQ 10 


BBC V/O Port Cable consisting of a 
20 Way IDC socket connected by 
Y metre of flat cable to a 20 Way 
four row PUB transition header. 
Order As FJ26D (BBC VO Port 
Cable) Price £3.30 TQ 10 





NEW KITS 


Two more projects from ‘Best of 
E&MM Vol. 1’ — XH61R — are now 
available as complete kits. 


Car Battery Monitor 
Kit contains all parts including 
case, 

Order As LK42V (Car Batt Mon 
Kit) Price £6.95 TQ10 


Noise Gate 

Kit contains all parts excluding the 
case which is available as LH71N 
(Case Type M5004) price £3.54. 
Order As LK43W (Noise Gate 
Kit) Price £9.95 TQS 











Video Cassette 
Recorder Drive Belts 
A range of, kits containing a 
complete set of drive belts, 
available for most popular video 
recorders. 

Ferguson 3292; Baird 3V22; JVC 
HR3300/3320/3330/3600. 

Order As FJ06G (Video Belts 
VSK9707) Price £6.95 TQ 10 


Sony SL8000/8080. 
Order As FJO7H (Video Belts 
VSK9806) Price £7.95 TQ 10 


Sony SLC7/SLJ7. 
Order As FJO08J (Video Belts 
VSK9876) Price £7.95 TQ 10 


Ferguson 3V16; JVC HR3360/3660; 
Telefunken VR440. 

Order As FJO9K (Video Belts 
VSK9708) Price £6.95 TQ 10 


Sanyo VTC9300; Fisher VRS7000. 
Order As FJ10L (Video Belts 
VSK9794) Price £6.95 TQ 10 


National Panasonic NV7200. 
Order As FJ11M (Video Belts 
VSK9605) Price £7.95 TQ 10 
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National Panasonic NV7000. 
Order As FJ12N (Video Belts 
VSK9635) Price £7.95 TQ 10 


Record Turntable 


Drive Belts 

A range of record turntable drive 
belts for the most popular Japan- 
ese record decks — to complement 
those already available in the '84 
Catalogue. 

National Panasonic 

Flat cross-section: 


Diameter: 187mm 
Thickness 0.6mm 
Width 4mm 


Inside circumference 588mm 
Order As FJ18U (Drive Belt Nat/ 
Pan AS8187) Price £2.85 TQ25 





Pioneer 

Flat cross-section: 

Diameter: 189mm 
Thickness 0.6mrn 
Width 5mm 


Inside circumference 594mm 
Order As FJ19V (Drive Belt 





Pioneer AS8189) Price £2.45 
TQ25 


Sony / National Panasonic 
Flat cross-section: 


Diameter: 195mm 
Thickness 0.6mm 
Width 5mm 


Inside circumference 613mm 
Order As FJ20W (Drive Belt 





Sony AS8195) Price £2.45 TQ25 


Trio / Sharp SG400 

Flat cross-section: 

Diameter: 201mm 
Thickness 0.6mm. 
Width 6mm 


Inside circumference 632mm 
Order As FJ21X (Drive Belt Trio 
AS8201) Price £2.45 TQ25 


Sansui 

Flat cross-section: 

Diameter: 205mm 
Thickness 0.6mm 
Width 6mm 


Inside circumference 644mm 
Order As FJ22¥ (Drive Belt 
Sansui AS8205) Price £2.45 TQ28 


Hitachi 

Flat cross-section: 

Diameter: 210mm 
Thickness 0.6mm 
Width 4mm 


Inside circumference 660mm 
Order As FJ23A (Drive Belt 
Hitachi AS8210) Price £2.45 TQ25 
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VARIOUS FOR SALE 

MAPLIN EQUALISER, case, 2 PCB's, 
part built, all as new. Any reasonable 
offers? First decent offer secures. Box 
No X110. 

PAIR 10 WATT Sony Speakers, 8 ohms 
impedance, teak casings, hardly used 
in excellent condition. Bargain £20. Tel 
Upminister 28710, 

SERVICE SHEETS. Private collection 
of numerous Radio and TV service 
sheets 1955 to 1980. No list, please send 
S.ALE. for enquiries. F. Harrop, 15 
Keymer Road, Brighton, BN] 8FB. 
TRANSFORMER, Step-down 240V to 
120V, 15 Amp. Brand new still in box 
£30, Tel. 0283 216519. 

WEALTH OF Projects. Back issues of 
Practical Wireless '75 to ‘79, Practical 
Electronics '74 to "79, Everyday Elect- 
ronics '71 to '74. Offers for some or all. 
Tel. Salisbury (0722) 710836. 


CLUBS 





TECHNICAL AUTHORS, non-profit 
Group. Share your knowledge world- 
wide. Collaborations, personalised pro- 
jects, writing and publishing assistance, 
Describe your abilities, experience, 
interests. S.AE. appreciated. T.AG., 
Moat Farm, Burgh, Woodbridge, 
Suffolk, IP13 6JW. 

ATARI OWNERS, issue 5 of the U.K. 
Atari Computer Owners Club Magazine 
is now available. Learn how to protect 
your BASIC programs, improve picture 
and sound quality on your machine, 
start to learn machine code. Program 
listings include: GIL-BERT, DRAGON- 
FIRE, LABEL MAKER, ELECTRIC 
SHOCK and many more. Send £1 plus 
30p postage to, P.O. Box 3, Rayleigh, 


| 





Spectrum Keyboard. A full size, 
full travel, 47 key, keyboard for 
the Sinclair Spectrum that plugs 
directly into the expansion port 


the Spectrum itself is required. 
Features include single-key 
operation for Graphics, Shift Lock, 
Caps Lock, Delete & Extend. 
Provision for sockets to accept 
joysticks. 

VIC Extendiboard. Expand your 


unlimited vocabulary. 


DID YOU MISS ISSUE 9 ? 


Copies of issue 9 are still available for 
Just 70p and include all these projects: 


thus no soldering or dismantling of 


VIC — three expansion sockets one of which is switchable. The 
board can also be fitted with 3K of extra RAM. 
Oric Talkback. A speech synthesiser for the Oric | with virtually 





If you would like to place an 
advertisement in this section, here's 
your chance to tell Maplin's 200,000 
customers what you want to buy or 
sell, or tell them about your clubs 
activities —- absolutely free of 
charge. We will publish as many 
advertisements as we have space 
for. To give everyone a fair share of 
the limited space, we will print 30 
words free of charge. Thereafter 
the charge is 10p per word. Please 
note that only private individuals 
will be permitted to advertise. 





Commercial or trade advertising is 
strictly prohibited in the Maplin 
Magazine. 

Please print all advertisements in 
bold capital letters. Box numbers 
are available at £1.50 each. Please 
send replies to Box Numbers to the 
address below. Please send your 
advertisement with any payment 
necessary to: Classifieds, Maplin 
Mag., P.O. Box 3, Rayleigh, Essex 
SS6 8LR. 

For the next issue your advertise- 
ment must be in our hands by 6th 
July 1984. 





Essex and ask to receive your copy of 
Issue 5. 


COMPUTERS FOR SALE 


MICROTAN 65 + Tanex fully Exp. 
Programmable Graphics Module, 
EPROM storage card with EPROMS, 
Soundboard, Video 80/82 High Defini- 
tion Graphics Board, System Mother- 
board, full size QWERTY keyboard 
with numerical keypad, EPROM pro- 
grammer, multi-rail power supply. Plus 
a quantity of software and all manuals. 
Also Teletype and Word Processor 
package £300. G. Hemmings, 110 Birks 
Street, Stoke-on-Trent, Staffs. ST4 4HF. 


MUSICAL FOR SALE 

MAPLIN SPECTRUM Synthesiser, 
complete and calibrated, profession- 
ally built — great sound. Can deliver to 
surrounding area, genuine reason for 
sale. Offers around £225. Tel. Rochdale 
80233. 

DIGISOUND Modular Synthesiser, 
keyboard, speakers, leads and users 




















manual. 18 modules including Alpha- 
dec. Very good condition cost over 
£900. Offers, Brighton (0273) 673301, 
evenings and weekends, 
EKIMBER-ALLEN 6] note keyboard 
and contact wires for electronic piano 
(or organ), new. £20. Mr. H.F. Howard, 
4) Thingwall Park, Fishponds, Bristol, 
BS16 2AJ. 

MATINEE ORGAN Cabinet, stool, 
drawbars and full set of MES53 
assembled circuit boards, keyboards, 
marble effect key tabs (20) etc. Offers? 
Tel (0384) 262537, (West Midlands) 
evenings. 


| MAPLIN MATINEE Organ, why build 


it when you can buy my professionally 
built one. Virtually unused, including 
stool. £325 O.N.O. Tel. Uckfield (0825) 
4001. 

MAPLIN MESS2, all boards, key- 
switches, swell pedal, contacts. £25. 
MESSS Auto Organ, all boards, 
switches etc. £25, 37 note C-C key- 
board, new and boxed plus contacts. 
£25. Maplin stereo cassette recorder 

















kit, boards built but never used. £25. 
Tel. 031 669 2115. 

FOR MES ORGAN: £200 worth of 
Parts, including one keyboard and con- 
tacts, divider and sawtooth boards 
(assembled), two assembled tone 
boards (type A), tone boards C,E,D (2), 
swell pedal, power supply with trans- 
former and miscellaneous parts. 

£100 O.N.O. MAPLIN 3800 synthesiser, 
tuned and working, except for VCA 
and VCF, in home built cabinet. 

£200 O.N.0O. All the above built to a 
professional standard. FARFISA 256RK 
Electronic Organ, immaculate. 

£1100 O.N.O. Tel. 01 764 5360. 
FUZZ-BOX, custom built, for use 
between guitar and amplifier. Price £8 
(£2 off because case is cracked), write 
to: A. Gonnet, Sun Cottage, Bellingdon, 
Bucks. 


WANTED 


WANTED: service information for 
Hacker Sovereign II transistor portable. 
Please contact F, Cosgrove. 
Bournemouth 432973, 

WANTED: a small quantity of Mullard 
FX1593 ferrite rings or address of 
suppliers, R.E. Sharp, Hope Hall, Prince 
of Wales Road, Exeter, Devon. 
WANTED: circuit diagram, service/ 
operating diagram and/or plug for 
R1132A and CR100 (Naval B28) 
receivers. Richard Hughes, 43 Naylor 
Road, London N20 OHE. 

WANTED: a copy of Spectrum Comp- 
uting No 2 (Electronics Magazine), pub- 
lished by Argus Publications. Will pay 
up to £5 by cheque, on receipt. 
Raymond Betz, Chemin du Moulin 38, 
1328 Ohain, Belgium. 


DID YOU MISS ISSUE 10? 


Copies of issue 10 are still available 
for just 70p and include the following: 


Spectrum Easyload. This novel 
battery powered unit will greatly 


enhance cassette loading of 
programs on the Sinclair 
Spectrum. 

80m Amateur Receiver. A low 


cost Direct Conversion design, for 
the 80m Amateur Band. This easily 


constructed project features 
single-sideband operation and 


can be aligned without test gear. It 


offers an ideal introduction to 


Amateur Radio for the newcomer. 





Flaorescent Tube Driver. An 8 Watt 12 Volt unit which offers 
efficient light output from a car battery; ideal for camping, 


caravanning, boating etc. 





Infra-Red Movement Detector. Fitted outside, this unit can detect a 
human body up to 30 metres away. 

TDA7000 FM Radio. Easily built FM radio — requires no alignment. 
2X81 High Resolution Graphics. A full 256 x 192 fine pixel display 
for the ZX81. Draws lines, circles & triangles, fills & textures, plus user 
defined graphics, Operates from extended BASIC. 

Ten more projects! including Personal Stereo Dynamic Noise Limiter 
for Walkman-type cassette players. Inexpensive easy-to-use Logic 
Pulser. Low-cost easily built 1K Extendi-RAM for the ZX81. Frequency 
Meter Adaptor for digital multimeter. TTL/RS232 Converter. Pseudo 
Stereo AM Radio, Ni-Cad Charger Timer, Syndrum Interface, plus 
lots more. 


















Issue 9 also included articles on Machine Code Programming with 
the 6502, Measurements in Electronics, the conclusion of our series 
on Rewiring Your House, and all our usual news and reviews. 


All this for only 70p. Order As XA09K (Maplin Magazine Volume 
3 Issue 9). Price 70p NV. 











2.8kW Power Controller. A versatile easy-to-build device which will 
control appliances of up to 2.8kW with minimal power loss. 
Auto-Waa. This easily constructed unit will produce a wide range of 
Waa-Waa type effects automatically. 

Digi-Tel Expansion. Enables the Maplin Digi-Tel telephone 
exchange to be expanded to accommodate 32 extensions. 

Oric 1 Modem Interface. Connect the Maplin Modem to your Oric 1 
Computer using this inexpensive project. 

Dragon Extendiport. This handy little project enables the cartridge 
socket on the Dragon 32 to be brought to a more accessible position. 


Issue 10 also included features on Car Electrics, the History of 
Electronics, Hero the Heathkit Robot, and the continuation of the 
series’ on Measurements in Electronics, Machine Code Programming 
the 6502 and First Base - for beginners. Plus the completion of ‘Data 
Base Management’ and all our usual news and reviews. 


All this for only 70p. Order As XA10L (Maplin Magazine Volume 
3 Issue 10). Price 70p NV. ; 
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Copies of issue 5 

are still available for 
just 60p, and include 
the following projects: 


Modem. With this low-cost, 

high quality modem, transmission # 
speeds of 300 baud are obtainable f . 
over ordinary telephone lines. 

Send data to your friends 

anywhere in Europe, or talk 

to our computer. 


Inverter. Ideal for camping or caravanning, this inverter uses 
MOFSET transistors for the ultimate in reliability. During 
emergency power cuts, use the inverter to keep your central 
heating going. 

ZX81 Sound Generator. Here’s a really noisy project for micro- 
computer enthusiasts. It plugs straight in to our ZX81 extension 
‘board and is really easy to make. Your ZX81 will have ful! BASIC 
control over three tone generators, with single address access. 


Central Heating Controller. Four our more experienced construc- 
tors, this project will give your central heating system optimum 
performance and could save you a lot of money this winter. 


Panic Button. A useful add-on for our Home Security System that 
will give many of our older citizens peace of mind. Issue five 
also included features on the Compact Digital Disc, Interfacing 
Microprocessors, and choosing the right wires for projects, and 
the last part of the Starting Point series, along with Basically Basic, 
Say it with Satellites, and Working with Op-Amps. 


All this for just 60p. Order As XAOSF (Maplin Magazine Volume 
2 Issue 5). Price 60p NV 
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Copies of issue 7 
are still available 

for just 7Op, and 
include the following 
projects: 


CMOS Crystal Calibrator. A radio amateur project to allow 
calibration of receivers and checking of the position of the 
edges of amateur band allocations. 


DXers Audio Processor, Will improve the performance of many 
communications receivers without the need for modifications. 
Enlarger Timer/Controller. An accurate timer with a display 
that enables it to be used in colour printing, it will also control 
the switching on and off of the enlarger. 


Sweep Oscillator. A useful, easy-to-build, piece of equipment 
to complement your fauit-finding test gear. 


VIC20/RS232 and ZX81 Interfaces will allow you to connect 
to modems, printers, VDUs, or any other RS232 compatible 
device. It will even let you use Maptel and Cashtel! 


Issue 7 also included features on Heathkit, programming the 
Commodore 64, and the start of a new series on machine code 
programming with the 6502. First Base, Working with Op-Amps, 
Say it with Satellites, and all our usual news and reviews were 
also tn this issue. 


All this for just 7Op. Order As XAQ7H (Maplin Magazine Volume 
2 Issue 7). Price 70p NV 


Copies of issue 6 are now AS 
sold out, but a reprint of the Sh 
projects in that issue is 
available, the contents are:— »> 
VIC20 and ZX81 Talkbacks. 

Projects to enable these 

micro’s to speak! Allophone based system gives unlimited 
vocabulary. Plus a fascinating article on speech synthesis 
techniques using allophones. 

Scratch Filter. This tunable design will make those old 
scratched records playable again. 

Bridging Module. Use this kit and two Maplin 75W 
MOSFET amplifier modules to make a superb 400W stereo 
amp. — with loudspeaker protection. 

Moisture Meter. A low cost project which enables you to 
check walls and floors for damp. 

ZX81 TV Sound and Normal/inverse Video. Your ZX81 
Can now give you sound directly on a TV, plus inverted 
video display facility. 

Four Simple Veroboard Projects:— Portable Stereo 
Amplifier, Sinewave Generator, Headphone Enhancer and 
Stylus Organ. 

All this for only 70p. Order As XA06G (Maplin Project Book 
Volume 2 No. 6) Price 70p NV. 


Copies of issue 8 are still 
available for just 7Op and 
include the following 
projects: 


RS232/Modem Interface for ZX 

Spectrum will run at 300, 600, 

1200 or 24000 bits per second 

and has its own completely 

self-contained operating system 

sO no programming, LOADing or 

SAVEing is required. The 

interface plugs directly into the 

Spectrum expansion socket. 

Synchime makes metallic 

chiming sounds like bells and 

gongs and complements our 

Syntom and Synwave projects. 

Dragon 32 RS232/Modem Interface has a programmable word 
format and plugs directly into the ROM expansion socket. 
Dragon 32 1/0 Ports has two 8-bit ports with TTL and tri-state bus 
compatibility, four norm/inv latched ports, two opto and two 
relay switched ports for maximum flexibility. The module plugs 
directly into the cartridge socket and is fully programmable 
from BASIC using PEEK and POKE. 

Four other projects include a low-cost Logic Probe with instantly 
recognisable readout on a 7-segment display; a versatile 
bench-top power supply, the Minilab; the Codelock, an electronic 
security lock with 10,000 easily programmed different 
combinations; and a Doorbell for the Deaf which flashes a mains 
light bulb to attract attention. 


Issue 8 also included features on Using the Commodore 64, 
Rewiring Your House Part 1, more Heathkit products, and 
Interfacing the BBC Micro. The issue also included the 
continuations of our series Machine Code Programming with 
the 6502, First Base and Say It With Satellites, and all our usual 
news and reviews. 


All this for just 70p. Order As XAO8J (Maplin Magazine Volume 2 
Issue 8). Price 70p NV. 








TELEPHONE FITTINGS 

















